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PART NUMBER CONVERSION NOTICE 



New part numbers have been assigned to products contained in this data manual. Conversion from old part 
numbers to new part numbers is shown below. 



NEW NUMBER 


OLD NUMBER 


NEW NUMBER 


OLD NUMBER 


SC2621CSI14 


26211 


SC2653CSI16 


26531 


SC2621CSN14 


2621 N 


SC2653CSN16 


2653N 


SC2622CSI14 


26221 


SC2661ACSI28 


2661-11 


SC2622CSN14 


2622N 


SC2661BCSI28 


2661-21 






SC2661CCSI28 


2661-31 


SC2636CSI40 


26361 


SC2661ACSN28 


2661-1 N 


SC2636CSN40 


2636N 


SC2661BCSN28 


2661 -2N 






SC2661CCSN28 


2661 -3N 


SC2637CSI40 


26371 






SC2637CSN40 


2637N 


SC2670*CSI28 


26701 






SC2670*CSN28 


2670N 


SC2650ACSI40 


2650AI 






SC2650ACSN40 


2650AN 


SC2671ACSI40 


26711 


SC2650AC1I40 


2650A-1I 


SC2671ACSN40 


2671 N 


SC2650AC1N40 


2650A-1N 










SC2672C4I40 


26721 


SC2651CSI28 


26511 


SC2672C4N40 


2672N 


SC2651CSN28 


2651 N 










SC2673BC5I40 


26731 


SC2652C1I40 


26521 


SC2673BC5N40 


2673N 


SC2652C1N40 


2652N 


SC2673AC5I40 


2673AI 


SC2652C2I40 


2652-11 


SC2673AC5N40 


2673AN 


SC2652C2N40 


2652-1 N 


* See Data Sheet 





PART NUMBERING SYSTEM 

The following example illustrates the meaning of the various fields in the part number: 

SC 2673 A C 5 N 40 



Microprocessor Division Identifier- 
Basic Part Number 



Functional Variation 

Temperature Range 

Speed Selection 

Paclcage Type and Material - 
Number of Pins 
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DEFINITION OF TERMS 



Data Sheet Identification 



Product Status 



Definition 



Formative or This data sheet contains the design 
In Design specifications for product develop- 
ment. Specifications may change in 
any manner without notice. 



Advance Information 



Sampling or This data sheet contains advance 

Pre-Production information and specifications are 

subject to change without notice. 



First This data sheet contains preliminary 

Production data and supplementary data will be 

published at a later date. Signetics 
reserves the right to make changesat 
any time without notice in order to Im- 
prove design and supply the best 
possible product. 



No 


Full 


Identification 


Production 


Noted 





This data sheet contains final 
specifications. Signetics reserves 
the right to make changes at any 
time without notice In order to Im- 
prove design and supply the best 
possible product. 



© 1982 Signetics Corporation 
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DESCRIPTION 

The Signetics 2651 PCI is a universal syn- 
chronous/asychronous data communica- 
tions controller chip designed for micro- 
computer systems. It interfaces directly to 
the Signifies 2650 microprocessor and may 
be used in a polled or interrupt driven sys- 
tem environment. The 2651 accepts pro- 
grammed instructions from the microproc- 
essor and supports many serial data 
communication disciplines, synchronous 
and asynchronous, in the full or half-duplex 
mode. 

The PCI serializes parallel data characters 
received from the microprocessor for trans- 
mission. Simultaneously, it can receive seri- 
al data and convert it into parallel data 
characters for input to the microcomputer. 

The 2651 contains a baud rate generator 
which can be programmed to either accept 
an external clock or to generate internal 
transmit or receive clocks. Sixteen different 
baud rates can be selected under program 
control when operating in the internal clock 
mode. 

The PCI is constructed using Signetics n- 
channel silicon gate depletion load technol- 
ogy and is packaged in a 28-pin DIP. 



FEATURES 

• Synchronous c^peration 

5 to 8-bit characters 

Single or double SYN operation 

Internal character synchronization 

Transparent or non-transparent mode 

Automatic SYN or DLE-SYN insertion 

SYN or OLE stripping 

Odd, even, or no parity 

Local or remote maintenance loop 

back mode 

Baud rate: dc to 1M bps (IX clock) 

• Asynchronous operation 

5 to 8-bit characters 
1,1 1/2 or 2 stop bits 
Odd, even, or no parity 
Parity, overrun and framing error de- 
tection 

Line break detection and generation 
False start bit detection 
Automatic serial echo mode 
Local or remote maintenance loop 
back mode 

Baud rate: dc to 1M bps (IX clock) 
dc to 62.5K bps (16X clock) 
dc to 15.625K bps (64X clock) 



OTHER FEATURES 

• Internal or external baud rate clock 

• 16 internal rates-50 to 19,200 baud 

• Double buffered transmitter and re- 
ceiver 

• Full or half duplex operation 

• Fully compatible with 2650 CPU 

• TTL compatible inputs and outputs 

• Single 5V power supply 

• No system clock required 

• 28-pin dual in-line package 



APPLICATIONS 

• Intelligent terminals 

• Network processors 

• Front end processors 

• Remote data concentrators 

• Computer to computer links 

• Serial peripherals 



PIN DESIGNATION 



PIN CONFIGURATION 









o.[I 




28] D, 


D3[T 




271 Do 


RxD |T 




26] Vcc 


GND [T 




25]RiC 


o.\T 




241dTR" 


Ds |T 




?3J RTS 


D.IT 




22] DSR 


Or[£ 




2?] RESET 


TxC [T 




20] BRCLK 


A, D? 




Til TxD 


ciQi 




jU TxEMT/DSCHG 


AoOI 




jUcts 


R/W [^ 




Tel DCD 


RxRDY QT 




I5] TxRDY 




TOP VIEW 





PIN NO. 


SYMBOL 


NAME AND FUNCTION 


TYPE 


27,28.1,2,5-8 


D0-D7 


8-bit data bus 


I/O 


21 


RESET 


Reset 


1 


12,10 


A0-A1 


Internal register select lines 


1 


13 


R/W 


Read or write command 


1 


11 


CE 


Chip enable input 


1 


22 


DSR 


Data set ready 


1 


24 


DTR 


Data terminal ready 





23 


RTS 


Request to send 





17 


CTS 


Clear to send 


1 


16 
18 


DCD 


Data carrier detected 

Transmitter empty or data set change 


1 



TxEMT/DSCHG 


9 


TxC 


Transmitter clock 


I/O 


25 


RxC 


Receiver clock 


I/O 


19 


TxD 


Transmitter data 





3 


RxD 


Receiver data 


1 


15 


TxRDY 


Transmitter ready 





14 


RxRDY 


Receiver ready 





20 


BRCLK 


Baud rate generator clock 


1 


V 26 


Vcc 


+5V supply 


1 


. 4 


GND 


Ground 


1 



ORDERING CODE 



PACKAGES 


COMMERCIAL RANGE 
Vcc = 5V ±5%, Ta = CC to 70° C 


Plastic DIP 


SC2651CSN28 


Ceramic DIP 


SC2651CSI28 



SEE 2661 FOR ENHANCED PART. 
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THEORETICAL 


ACTUAL 






BAUD 


FREQUENCY 


FREQUENCY 


PERCENT 




RATE 


16X CLOCK 


16X CLOCK 


ERROR 


DIVISOR 


50 


0.8 KHz 


0.8 KHz 


__ 


6336 


75 


1.2 


1.2 


~ 


4224 


110 


1.76 


1.76 


~ 


2880 


134.5 


2.152 


2.1523 


0.016 


2355 


150 


2.4 


2.4 


-. 


2112 


300 


4.8 


4.8 


~ 


1056 


600 


9.6 


9.6 


~ 


528 


1200 


19.2 


19.2 


~ 


264 


1800 


28.8 


28.8 


~ 


176 


2000 


32.0 


32.081 


0.253 


158 


2400 


38.4 


38.4 


~ 


132 


3600 


57.6 


57.6 


~ 


88 


4800 


76.8 


76.8 


~ 


66 


7200 


115.2 


115.2 


~ 


44 


9600 


153.6 


153.6 


~ 


33 


19200* 


307.2 


316.8 


3.125 


16 



NOTE 

'Error at 19200 can be reduced to zero by using crystal frequency 4 9152MHz 

16X clock IS used in asynchronous mode. In synchronous mode, clock multiplier is IX 

Table 1 BAUD RATE GENERATOR CHARACTERISTICS 
Crystal Frequency = 5.0688MHz 



1 



PIN NAME 


PIN NO. 


INPUT/OUTPUT 


FUNCTION 


Vcc 

QND 

RESET 

Ai-Ao 

R/W 

CE 

D7-D0 


26 
4 
21 

10,12 
13 
11 

8,7,6,5, 

2,1,28,27 

15 

14 
18 


1 
1 

1 
1 

I/O 






+5V supply Input 
Ground 

A high on this input performs a master reset on the 2651 . This signal asynchronous- 
ly terminates any device activity and clears the Mode, Command and Status regis- 
ters. The device assumes the idle state and remains there until initialized with the 
appropriate control words. 
Address lines used to select internal PCI registers. 
Read command when low, write command when high. 

Chip enable command. When low, indicates that control and data lines to the PCI 
are valid and that the operation specified by the R/W, Ai and Ao inputs should be 
performed. When high, places the D0-D7 lines in the tri-state condition. 
8-bit, three-state data bus used to transfer commands, data and status between PCI 
and the CPU. Do is the least significant bit; D7 the most significant bit. 
This output Is the complement of Status Register bit SRO. When low, it Indicates that 
the Transmit Data Holding Register (THR) is ready to accept a data character from 
the CPU. It goes high when the data character is loaded. This output is valid only 
when the transmitter is enabled. It Is an open drain output which can be used as an 
interrupt to the CPU. 

This output is the complement of Status Register bit SRI . When low, it indicates that 
the Receive Data Holding Register (RHR) has a character ready for input to the CPU. 
It goes high when the RHR is read by the CPU, and also when the receiver is 
disabled. It is an open drain output which can be used as an interrupt to the CPU. 
This output is the complement of Status Register bit SR2. When low, it indicates that 
the transmitter has completed serialization of the last character loaded by the CPU, 
or that a change of state of the DSR or DCD inputs has occurred. This output goes 
high when the Status Register is read by the CPU, if the TxEMT condition does not 
exist. Otherwise, the THR must be loaded by the CPU for this line to go high. It is an 
open drain output which can be used as an interrupt to the CPU. 


TxRDY 


RxRDY 


TxEMT/DSCHG 



Table 2 CPU-RELATED SIGNALS 
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BLOCK DIAGRAM 



DATA Bl 
Do- O, 



RESET 
Ao 



DSR 
DCD 
CfS 
RfS 
DTR 



•C=> 



OPERATION CONTROL 



MODE REGISTER 1 



MODE REGISTER 2 



COMMAND REGISTER 



STATUS REGISTER 



^ 



BAUD RATE 

GENERATOR 

AND 

CLOCK CONTROL 



(16) 




(17) 




(23)' 




(24) 




J^ 





c> 



SYN/DLE CONTROL 



SYN 1 REGISTER 



SYN 2 REGISTER 



OLE REGISTER 



> 



TRANSMITTER 



^ 



BLOCK DIAGRAM 

The PCI consists of six major sections. 
These are the transmitter, receiver, timing, 
operation control, modem control and 
SYN/DLE control. These sections commu- 
nicate with each other via an internal data 
bus and an internal control bus. The internal 
data bus interfaces to the microprocessor 
data bus via a data bus buffer. 

Operation Control 

This functional block stores configuration 
and operation commands from the CPU and 
generates appropriate signals to various in- 
ternal sections to control the overall device 
operation. It contains read and write circuits 
to permit communications with the micro- 
processor via the data bus and contains 
Mode Registers 1 and 2, the Command Reg- 
ister, and the Status Register. Details of reg- 
ister addressing and protocol are presented 
in the PCI Programming section of this data 
sheet. 



Timing 

The PCI contains a Baud Rate Generator 
(BRG) which is programmable to accept ex- 
ternal transmit or receive clocks or to divide 
an external clock to perform data communi- 
cations. The unit can generate 16 common- 
ly used baud rates, any one of which can be 
selected for full duplex operation. See Table 
1. 

Receiver 

The Receiver accepts serial data on the RxD 
pin, converts this serial input to parallel for- 
mat, checks for bits or characters that are 
unique to the communication technique 
and sends an "assembled" character to the 
CPU. 

Transmitter 

The Transmitter accepts parallel data from 
the CPU, converts it to a serial bit stream, in- 
serts the appropriate characters or bits 
(based on the communication technique) 
and outputs a composite serial stream of 
data on the TxD output pin. 



Modem Control 

The modem control section provides inter- 
facing for three input signals and three out- 
put signals used for "handshaking" and sta- 
tus indication between the CPU and a 
modem. 

SYN/DLE Control 

This section contains control circuitry and 
three 8-bit registers storing the SYN1, 
SYN2, and DLE characters provided by the 
CPU. These registers are used in the syn- 
chronous mode of operation to provide the 
characters required for synchronization, 
Idle fill and data transparency. 

INTERFACE SIGNALS 

The PCI interface signals can be grouped 
Into two types: the CPU-related signals 
(shown in Table 2), which interface the 2651 
to the microprocessor system, and the 
device-related signals (shown in Table 3), 
which are used to Interface to the communi- 
cations device or system. 
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PIN NAME 


PIN NO. 


INPUT/OUTPUT 


FUNCTION 


BRCLK 
RxC 

TxC 

RxD 
TxD 

DSR 
DCD 
CTS 

dTr 

RTS 


20 
25 

9 

3 
19 

22 

16 

17 

24 
23 


1 
I/O 

I/O 


1 
1 





5.0688MHz clock Input to the Internal baud rate generator. Not required If external 
receiver and transmitter clocks are used. 

Receiver clock. If external receiver clock Is programmed, this Input controls the rate 
at which the character is to be received. Its frequency is 1 X, 1 6X or 64X the baud rate, 
as programmed by Mode Register 1 . Data is sampled on the rising edge of the clock. 
If internal receiver clock is programmed, this pin becomes an output at IX the pro- 
grammed baud rate. * 

Transmitter clock. If external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is IX, 16X or 64X the 
baud rate, as programmed by Mode Register 1 . The transmitted data changes on the 
falling edge of the clock. If internal transmitter clock is programmed, this pin be- 
comes an output at 1X the programmed baud rate.* 
Serial data input to the receiver. "Mark" is high, "Space" is low. 
Serial data output from the transmitter. "Mark" Is high, "Space" is low. Held in Mark 
condition when the transmitter is disabled. 

General purpose input which can be used for Data Set Ready or Ring Indicator con- 
dition. Its complement appears as Status Register bit SR7. Causes a low output on 
TxEMT/DSCHG when its state changes. 

Data Carrier Detect input. Must be low In order for the receiver to operate. Its com- 
plement appears as Status Register bit SR6. Causes a low output on 
TxEMT/DSCHG when Its state changes. 

Clear to Send input. Must be low in order for the transmitter to operate. If it goes 
high during transmission, the character in the Transmit Shift Register will be 
transmitted before termination 

General purpose output which is the complement of Command Register bit CR1. 
Normally used to indicate Data Terminal Ready. r\ 
General purpose output which is the complement of Command Register bit CR5. 
Normally used to indicate Request to Send. 



1 



NOTE 

'RxC and TxC outputs have short circuit protection max Cl lOOpf 

Table 3 DEVICE-RELATED SIGNALS 



OPERATION 

The functional operation of the 2651 Is pro- 
grammed by a set of control words supplied 
by the CPU. These control words specify 
items such as synchronous or asynchro- 
nous mode, baud rate, number of bits per 
character, etc. The programming procedure 
is described in the PCI Programming sec- 
tion of this data sheet. 

After programming, the PCI Is ready to per- 
form the desired communications func- 
tions. The receiver performs serial to paral- 
lel conversion of data received from a 
modem or equivalent device. The transmit- 
ter converts parallel data received from the 
CPU to a serial bit stream. These actions are 
accomplished within the framework specifi- 
ed by the control words. 

Receiver 

The 2651 is c onditioned to receive data 
when the DCD input Is low and the RxEN bit 
in the command register is true. In the 
asynchronous mode, the receiver looks for 
a high to low transition of the start bit on the 
RxD Input line. If a transition Is detected, the 
state of the RxD line Is sampled again after a 
delay of one-half of a bit time. If RxD is now 
high, the search for a valid start bit is begun 
again. If RxD Is still low, a valid start bit Is 



assumed and the receiver continues to sam- 
ple the input line at one bit time intervals 
until the proper number of data bits, the par- 
ity bit, and the stop blt(s) have been assem- 
bled. The data Is then transferred to the Re- 
ceive Data Holding Register, the Rx RDY bit 
In the status register Is set, and the RxRDY 
output Is asserted. If the character length Is 
less than 8 bits, the high order unused bits in 
the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun 
Error status bits are strobed into the st atus 
register on the positive going edge of RxC 
corresponding to the received character 
boundary. If a break condition is detected 
(RxD is low for the entire character as wel I as 
the stop bit Is]), only one character consist- 
ing of all zeros (with the FE status bit set) will 
be transferred to the Holding Register. The 
RxD input must return to a high condition 
before a search for the next start bit begins. 

When the PCI is initialized into the synchro- 
nous mode, the receiver first enters the hunt 
mode on a to 1 transition of RxEN (CR2) I n 
this mode, as data is shifted into the Receiv- 
er Shift Register a bit at a time, the contents 
of the register are compared to the contents 
of the SYN1 register. If the two are not equal, 
the next bit is shifted in and the comparison 
is repeated. When the two registers match. 



the hunt mode is terminated and character 
assembly mode begins If single SYN opera- 
tion IS programmed, the SYN DETECT sta- 
tus bit is set. If double SYN operation is 
programmed, the first character assembled 
after SYN1 must be SYN2 in order for the 
SYN DETECT bit to be set. Otherwise, the 
PCI returns to the hunt mode. (Note that the 
sequence SYN1-SYN1-SYN2 will not 
achieve synchronization). When synchroni- 
zation has been achieved, the PCI continues 
to assemble characters and transfer them to 
the Holding Register, setti ng the RxRDY 
status bit and asserting the RxRDY output 
each time a character is transferred The RE 
and OE status bits are set as appropriate. 
Further receipt of the appropriate SYN se- 
quence sets the SYN DETECT status bit. If 
the SYN stripping mode is commanded, 
SYN characters are not transferred to the 
Holding Register. Note that the SYN charac- 
ters used to establish initial synchronization 
are not transferred to the Holding Register 
in any case. 

Transmitter 

The PCI i s co nditioned to transmit data 
when the CTS Input is low and the TxEN 
command register bit is set. The 2651 indi- 
cates to the CPU that it can accept a charac- 
ter for transmission by setting the TxRDY 
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Status bit and asserting the TxRDY output. 
When the CPU writes a character into the 
Transmit Data Holding Register, these 
conditions are negated. Data is transferred 
from the Holding Register to the Transmit 
Shift Register when It Is idle or has complet- 
ed transmission of the previous character. 
The TxRDY conditions are then asserted 
again. Thus, one full character time of buf- 
fering Is provided. 

In the asynchronous mode, the transmitter 
automatically sends a start bit followed by 
the programmed number of data bits, the 
least significant bit being sent first. It then 
appends an optional odd or even parity bit 
and the programmed numberofstop bits. If, 
following transmission of the data bits, a 
new character Is not available In the Trans- 
mit Holding Register, the TxD output re- 
mai ns in the markin g (high) condition and 
the TxEMT/DSCHG output and Its corre- 
sponding status bit are asserted. Trans- 
mission resumes when the CPU loads a new 
character Into the Holding Register. The 
transmitter can be forced to output a contin- 
uous low (BREAK) condition by setting the 
Send Break command bit high. 
In the synchronous mode, when the 2651 is 
Initially conditioned to transmit, the TxD 
output remains high and the TxRDY condi- 
tion is asserted until the first character to be 
transmitted (usually a SYN character) Is 
loaded by the CPU. Subsequent to this, a 
continuous stream of characters is trans- 
mitted. No extra bits (other than parity, If 
commanded) are generated by the PCI 
unless the CPU fails to send a new character 
to the PCI by the time the transmitter has 
completed sending the previous character. 
Since synchronous communication does 
not allow gaps between characters, the PCI 
asserts TxEMT and automatically "fills" the 
gap by transmitting SYN1s, SYN1-SYN2 
doublets, or DLE-SYN1 doublets, depend- 
ing on the state of MR 16 and MR17. Normal 
transmission of the message resumes when 
a new character Is available In the Transmit 
Data Holding Register. If the SEND DLE bit 
in the command register Is true, the DLE 
character Is automatically transmitted prior 
to transmission of the message character In 
THR. 

PCI PROGRAMMING 

Prior to initiating data communications, the 
2651 operational mode must be pro- 
grammed by performing write operations to 
the mode and command registers. In addi- 
tion, if synchronous operation Is pro- 
grammed, the appropriate SYN/DLE regis- 
ters must be loaded. The PCI can be 
reconfigured at any time during program 
execution. However, if the change has an 
effect on the reception of a character the 
receiver should be disabled. Alternatively if 
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Read receive holding register 











1 


Write transmit holding register 





.- 


1 





Read status register 








1 


1 


Write SYN1/SYN2/DLE registers 





1 








Read mode registers 1/2 





1 





1 


Write mode registers 1/2 





1 


1 





Read command register 





1 


1 


1 


Write command register 



NOTE 

See AC Characteristics section for timing requirements 
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the change is made IV2 RxC periods after 
RxRDY goes active it will affect the next 
character assembly A flowchart of the in- 
itialization process appears in Figure 1. 

The internal registers of the PCI are ac- 
cessed by applying specific signals to the 
CE, R/W, Ai and Ao inputs. The conditions 
necessary to address each register are 
shown in Table 4. 

The SYN1, SYN2. and DLE registers are 
accessed by performing write operations 
with the conditions Ai =0, Ao= 1 , and R/W= 
1. The first operation loads the SYN1 regis- 
ter. The next loads the SYN2 register, and 
the third loads the DLE register Reading or 
loading the mode registers is done in a 
similar manner. The first write (or read) 
operation addresses Mode Register 1 , and a 
subsequent operation addresses Mode Reg- 
ister 2. If more than the required number of 
accesses are made, the internal sequencer 
recycles to point at the first register The 
pointers are reset to SYN1 Register and 
Mode Register 1 by a RESET input or by 
performing a "Read Command Register" 
operation, but are unaffected by any other 
read or write operation. 

The 2651 register formats are summarized 
in Tables 5, 6, 7 and 8. Mode Registers 1 and 



2 define the general operational charac- 
teristics of the PCI, while the Command 
Register controls the operation within this 
basic frame-work. The PCI indicates its 
status in the Status Register. These regis- 
ters are cleared when a RESET input is 
applied. 

Mode Register 1 (MR1) 

Table 5 illustrates Mode Register 1. Bits 
MRU and MR10 select the communication 
format and baud rate multiplier. 00 specifies 
synchronous mode and IX multiplier. IX, 
16X, and 64X multipliers are programmable 
for asynchronous format. However, the 
multiplier in asynchronous format applies 
only if the external clock input option is 
selected by MR24 or MR25 

MR1 3 and MR1 2 select a character length of 
5, 6, 7, or 8 bits. The character length does 
not include the parity bit, if programmed, 
and does not include the start and stop bits 
in asynchronous mode. 

MR14 controls parity generation. If enabled, 
a parity bit is added to the transmitted 
character and the receiver performs a parity 
check on incoming data. MR15 selects odd 
or even parity when parity is enabled by 
MR14. 



In asychronous mode, MR17 and MR16 
select character framing of 1, 1.5, or 2 stop 
bits (If IX baud rate is programmed, 1 5 stop 
bits defaults to 1 stop bits on transmit). In 
synchronous mode, MR17 controls the 
number of SYN characters used to establish 
synchronization and for character fill when 
the transmitter is idle. SYN1 alone is used if 
MR17 = 1, and SYN1-SYN2 is used when 
MR17 = 0. If the transparent mode is speci- 
fied by MR16, DLE-SYN1 is used for char- 
acter fill and SYN Detect, but the normal 
synchronization sequence is used Also 
DLE stripping and DLE Detect (with MR1 4 = 
0) are enabled 

Mode Register 2 (MR2) 

Table 6 illustrates Mode Register 2. MR23, 
MR22, MR21, and MR20 control the fre- 
quency of the internal baud rate generator 
(BRG). Sixteen rates are selectable. When 
driven by a 5.0688 MHz input at the BRCLK 
input (pin 20), the BRG output has zero error 
except at 134.5, 2000, and 19,200 baud, 
which have errors of +0.016%, +0.235%, and 
+3.125% respectively. 

MR25 and MR24 selec t eit herth e BRG or the 
external inputs TxC and RxC as the clock 
source for the transmitter and receiver, 
respectively. If the BRG clock is selected. 



1 



MR17 


MR16 


MR15 


MR14 


MR13 


MR12 


MR11 


MR10 




Parity Type 


Parity Control 


Character Length 


Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 

00 = INVALID 

01 = 1 STOP BIT 

10 = 11/2 STOP BITS 

11 =2 STOP BITS 


= ODD 

1 = EVEN 


= DISABLED 

1 = ENABLED 


00 = 5 BITS 

01 = 6 BITS 

10 = 7 BITS 

11 =8 BITS 


00 = SYNCHRONOUS IX RATE 

01 = ASYNCHRONOUS IX RATE 

10 = ASYNCHRONOUS 16X RATE 

11 = ASYNCHRONOUS 64X RATE 


SYNCH: NUMBER 
OF SYN CHAR 

= DOUBLE SYN 

1 = SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 

= NORMAL 

1 = TRANSPARENT 











NOTE 

Baud rate factor in asynchronous applies only if external clock is selected Factor is 16X if 

internal clock is selected Mode must be selected (MRU, MR10) in any case 



Table 5 MODE REGISTER 1 (MR1) 



MR27 


MR26 


MR25 


MR24 


MR23 


MR22 


MR21 


MR20 




Transmitter 
Clock 


Receiver 
Clock 


Baud Rate Selection 


NOT USED 


= EXTERNAL 

1 = INTERNAL 


= EXTERNAL 

1 = INTERNAL 


0000 = 50 BAUD 1 000 = 1 800 BAUD 
0001=75 1001=2000 
0010 = 110 1010 = 2400 
0011=134 5 1011=3600 
0100 = 150 1100 = 4800 
0101=300 1101=7200 
. 0110 = 600 1110 = 9600 
0111 = 1200 1111=19,200 



Table 6 MODE REGISTER 2 (MR2) 
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the baud rate factor in asynchronous mode 
is 16X regardless of the factor selected by 
MR11 and MR10. In addition, the corre- 
sponding clocl< pin provides an output at 1X 
the baud rate. 

Command Register (CR) 

Table 7 illustrates Command Register. Bits 
CRO (TxEN) and CR2 (RxEN) enable or 
disable the transmitter and receiver respec- 
tively. A to 1 transition of CR2 forces start 
bit search (async mod e) or hunt mode (sync 
mode) on the second RxC ris ing edg e Dis- 
abling the receiver causes RxRDY to go 
high (inactive). If the transmitter is disabled, 
it will complete the transmission of the 
character in the Transmit Shift Register (if 
any) prior to terminating operation. The TxD 
output will then remain in th e markin g state 
(high) while the TxRDY and TxEMT will go 
high (inactive). If the receiver is disabled, it 
will terminate operation immediately. Any 
character being assembled will be neglect- 
ed. 

Bits CR1 (DT R) and CR5 (RTS) control the 
DTR and RTS outputs. Data at the outputs is 
the logical complement of the register data. 

In asynchronous mode, setting CR3 will 
force and hold the TxD output low (spacing 
condition) at the end of the current transmit- 
ted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go 
high for a least one bit time before begin- 
ning transmission of the next character in 
the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the 
transmission of the DLE register contents 
prior to sending the character in the Trans- 
mit Data Holding Register. CR3 shoulc;! be 
reset in response to the next TxRDY. 

Setting CR4 causes the error flags in the 
Status Register (SR3, SR4, and SR5) to be 
cleared This is a one time command There 
is no internal latch for this bit. 

The PCI can operate in one of four sub- 
modes within each major mode (synchro- 
nous or asynchronous). The operational 



sub-mode is determined by CRT and CR6. 
CR7-CR6 = 00 is the normal mode, with the 
transmitter and receiver operating inde- 
pendently in accordance with the Mode and 
Status Register instructions. 

In asynchronous mode, CR7-CR6 = 01 
places the PCI in the Automatic Echo mode. 
Clocked, regenerated received data is auto- 
matically directed to the TxD line while 
normal receiver operation continues. The 
receiver must be enabled (CR2 = 1), but the 
transmitter need not be enabled. CPU to 
receiver communications continues nor- 
mally, but the CPU to transmitter link is 
disabled. Only the first character of a break 
condition is echoed. The TxD output will go 
high until the next valid start is detected. 
The following conditions are true while in 
Automatic Echo mode: 

1 Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and 
retransmitted by the transmitter on the TxD 
output 

2 The transmitter Is clocked by the receive clock 

3. TxR DY output = 1 . 

4. The TxEMT/DSCHG pin will reflect only the 
data set change condition. 

5. The TxEN command (CRO) is ignored 

In synchronous mode, CR7-CR6 = 01 
places the PCI in the Automatic SYN/DLE 
Stripping mode. The exact action taken 
depends on the setting of bits MR17 and 
MR16: 

1. In the non-transparent, single SYN mode 
(MR17-MR16 = 10), characters in the data 
stream matching SYN1 are not transferred to 
the Receive Data Holding Register (RHR) 

2. In the non-transparent, double SYN mode 
(MR17-MR16 = 00), characters in the data 
stream matching SYN1 , or SYN2 if immediately 
preceded by SYN1, are not transferred to the 
RHR However, only the first SYN1 ofanSYNI- 
SYN1 pair is stripped 

3 In transparent mode (MR16 =1), characters in 
the data stream matching DLE, or SYN1 if 
immediately preceded by DLE, are not trans- 
ferred to the RHR. However, only the first DLE 
of a DLE-DLE pair is stripped 

Note that Automatic Stripping mode does 
not affect the setting of the DLE Detect and 



SYN Detect status bits (SR3 and SR5). 

Two diagnostic sub-modes can also be 
configured In Local Loop Back mode 
(CR7-CR6 = 10), the following loops are 
connected internally: 

1 The transmitter output is connected to the 
receiver input 

2 DTR i s con nected to DCD and RTS is connect- 
ed to CTS 

3 The receiver is clocked by the transmit clock 

4 The DTR , RTS and Tx D outputs are held high 

5 The CTS, DCD, DSR and RxD inputs are ig- 
nored 

Additional requirements to operate in the 
Local Loop Back mode are that CRO (TxEN), 
CR1 (DTR), and CR5 (RTS) must be set to 1 . 
CR2 (RxEN) IS ignored by the PCI. 

The second diagnostic mode is the Remote 
Loop Back mode (CR7-CR6 = 11) In this 
mode- 

1. Data assembled by the receiver IS automatically 
placed in the Transmit Holding Register and 
retransmitted by the transmitter on the TxD 
output 

2 The transmitter is clocked by the receive clock 

3 No data is sent to the local CPU, but the error 
stat us cond it ions (P E, O E, FE) are set. 

4 The RxRDY, TxRDY, and TxEMT/DSCHG out- 
puts are held high 

5. CR1 (TxEN) IS ignored 

6 All other signals operate normally 

Status Register 

The data contained in the Status Register 
(as shown in Table 8) indicate receiver and 
transmitter conditions and modem/data set 
status. 

SRO is the Transmitter Ready (TxRDY) sta- 
tus bit It, and its corresponding output, are 
valid only when the transmitter is enabled If 
equal to 0, it indicates that the Transmit 
Data Holding Register has been loaded by 
the CPU and the data has not been trans- 
ferred to the Transmit Shift Register. If set 
equal to 1, it indicates that the Holding 
Register is ready to accept data from the 
CPU. This bit is initially set when the Trans- 
mitter is enabled by CRO, unless a character 



CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 


Operating Mode 


Request to 
Send 


Reset Error 




Control (RxEN) 


Data Terminal 
Ready 


Transmit 
Control (TxEN) 


00 = NORMAL OPERATION 

01 = ASYNCH. AUTOMATIC 

ECHO MODE 
SYNCH SYN AND/OR 


= FORCE RTS 
OUTPUT HIGH 

1 = FORCE RTS 
OUTPUT LOW 


= NORMAL 
1 = RESET 
ERROR FLAG 
IN STATUS REG 
(FE, OE, 
PE/DLE DETECT) 


ASYNCH: 
FORCE BREAK 

= NORMAL 

1 = FORCE 

BREAK 


= DISABLE 

1 = ENABLE 


= FORCE DTR 
OUTPUT HIGH 

1 = FORCE DTR 
OUTPUT LOW 


= DISABLE 

1 = ENABLE 


10 = LOCAL L 

11 = REMOTE 


-OOP BACK 
. LOOP BACK 


SYNCH: 
SEND DLE 

= NORMAL 

1 = SEND DLE 



Table 7 COMMAND REGISTER (CR) 
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\ 








SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SRI 


SRO 


Data Set 
Ready 


Data Carrier 
Detect 


FE/SYN Detect 


Overrrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


= DSR INPUT 

IS HIGH 

1 = DSR INPUT 

IS LOW 


= DCD INPUT 

IS HIGH 

1 =DCD INPUT 

IS LOW 


ASYNCH: 

= NORMAL 

1 = FRAMING 

ERROR 


= NORMAL 
1 = OVERRUN 
ERROR 


ASYNCH: 

= NORMAL 

1 = PARITY 

ERROR 


= NORMAL 

1 = CHANGE 
IN DSR OR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


= RECEIVE 
HOLDING REG 
EMPTY 

1 = RECEIVE 
HOLDING REG 
HAS DATA 


= TRANSMIT 
HOLDING 
REG BUSY 

1 = TRANSMIT 
HOLDING 
REG EMPTY 


SYNCH: 

= NORMAL 

1 = SYN CHAR 

DETECTED 


SYNCH: 

= NORMAL 

1 = PARITY 

ERROR 

OR 
DLE CHAR 
RECEIVED 






TaWe 8 STATut REGISTER (SR) 







has previously been loaded into the Holding 
Register. It is not set when the Automatic 
Echo or Remote Loop Back modes are 
program med. When this bit is set, the 
TxRDY output pin is low. In the Automatic 
Echo and Remote Loop Back modes, the 
output is held high. 

SR1 , the Receiver Ready (RxRDY) status bit, 
indicates the condition of the Receive Data 
Holding Register. If set, it indicates that a 
character has been loaded into the Holding 
Register from the Receive Shift Register and 
is ready to be read by the CPU. If equal to 
zero, there is no new character in the Hold- 
ing Register. This bit is cleared when the 
CPU reads the Receive Data Holding Regis- 
ter or when th e receive r is disabled by CR2. 
When set, the RxRDY output Is low. 

The TxEMT/DSCHG bit, SR2, when set, 
ind icates either a change of state of the DSR 
or DCD inputs or that the Transmit Shift 
Register has completed transmission of a 
character and no new character has been 
loaded into the Transmit Data Holding Reg- 



ister. Note that in synchronous mode this bit 
will be set even though the appropriate "fill" 
character is transmitted. TxEMT will not go 
active until at least one character has been 
transmitted. It is cleared by loading the 
Transmit Data Holding Register. The 
DSCHG condition is enabled when TxEN=1 
or RxEN=1. It IS cleared when the Status 
Register is read by the CPU. When SR2 is 
set, the TxEMT/DSCHG output is low. 

SR3, when set, indicates a received parity 
error when parity is enabled by MR14. In 
synchronous transparent mode (MR16 = 1), 
with parity disabled, it indicates that a char- 
acter matching the DLE Register has been 
received. However, only the first DLE of two 
successive DLEs will set SR3. This bit is 
cleared when the receiver is disabled and by 
the Reset Error command, CR4. 

The Overrun Error status bit, SR4, indicates 
that the previous character loaded into the 
Receive Holding Register was not read by 
the CPU at the time a new received charac- 
ter was transferred into it. This bit is cleared 



when the receiver is disabled and by the 
Reset Error command, CR4. 

In asynchronous mode, bit SR5 signifies 
that the received character was not framed 
by the programmed number of stop bits. (If 
1 .5 stop bits are programmed, only the first 
stopbitischecked.)lfRHR = 0whenSR5 = 1 
a break condition is present. In synchro- 
nous non-transparent mode (MR16 = 0), it 
indicates receipt of the SYN1 character is 
single SYN mode or the SYN1-SYN2 pair in 
double SYN mode In synchronous trans- 
parent mode (MR1 6 = 1), this bit is set upon 
detection of the initial synchronizing char- 
acters (SYN1 or SYN1-SYN2) and, after 
synchronization has been achieved, when a 
DLE-SYN1 pair is received. The bit is reset 
when the receiver is disabled, when the 
Reset Error command is given in asynchro- 
nous mode, and when the Status Register is 
read by the CPU in the synchronous mode. 

SR6 and SR7 re flect the conditions of the 
DCD and DSR inputs respectively. A low 
input sets its corresponding status bit and a 
high input clears it. 



DC ELECTRICAL CHARACTERISTICS 


Ta = 0°C to +70° C, Vcc = 5.0V 


± 5% 4,5.6 








PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Input voltage 
ViL Low 
ViH High 




2.0 




0.8 


V 


Output voltage 
Vol Low 
VoH High 


l0L = 1.6mA 
IOH = -100/iA 


2.4 




0.4 


V 


liL Input leakage current 


ViN = to 5.25V 


-10 




10 


mA 


Tristate Output leakage current 
Ilh Data bus high 
III Data bus low 


Vo = 4.0V 
Vo = 0.45V 


-10 
-10 




10 
10 


mA 


Ice Power supply current 








150 


mA 
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ABSOLUTE MAXIMUM RATINGS^ 



PARAMETER 


RATING 


UNIT 


Operating ambient temperatures 

Storage temperature 

All voltages with respect to grounds 


to +70 
-65 to +150 
-0.5 to +6.0 


'0 
V 



AC ELECTRICAL CHARACTERISTICS Ta = 


O^'C to +70* C, Vcc = 5.0V ±5%4.5,6 












PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 








Min 


Typ 


Max 




Pulse width 










ns 


tRES 


Reset 




1000 








tCE 


Chip enable 




300 










Setup and hold time 










ns 


tAS 


Address setup 




20 








tAH 


Address hold 




20 








tcs 


R/W control setup 




20 








tCH 


R/W control hold 




20 








tos 


Data setup for write 




225 








tDH 


Data hold for write 













tRXS 


Rx data setup 




300 








tRXH 


Rx data hold 




350 








tDD 


Data delay time for read 


Cl = lOOpF 






250 


ns 


tDF 


Data bus floating time for read 


CL=100pF 






150 


ns 


tCED 


CE to CE delay 




700 






ns 




Input clock frequency 










MHz 


fBRG 


Baud rate generator 




1.0 


5.0688 


5.0738 




fR/T^O 


TxC or RxC 




dc 




1.0 






Clock width 










ns 


tBRH^ 


Baud rate high 




70 








tBRL9 


Baud rate low 




70 








tR/TH 


TxC or RxC high 




500 








tR/TLlO 


TxC or RxC low 




500 








tTXD 


TxD delay from falling edge of TxC 


CL=100pF 






650 


ns 


ties 


Skew between TxD changing and falling 
edge of TxC output^ 


CL=100pF 









ns 



NOTES 

1 Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device This is a stress rating only and functional operation of the device at these or at any other 
condition above those indicated in the operation section of this specification is not implied 

2 For operating at elevated temperatures, the device must be derated based on +150° maximum 
junction temperature and thermal resistance of 60°C/W junction to ambient (IQ ceramic package) 

3 This product includes circuitry specifically designed for the protection of its internal devices from the 
damaging effects of excessive static charge Nonetheless, it is suggested that conventional precau- 
tions be taken to avoid applying any voltages larger than the rated maxima 

4. Parameters are valid over operating temperature range unless otherwise specified 

5 All voltage measurements are referenced to ground All time measurements are at the 50% level for 
inputs (except tsRH and Tbrl) and at 8V and 2 OV for outputs Input levels for testing are 45\/ and 
2 4V 

6 Typical values a re a t +25° , typical supply voltages and typical processing parameters 

7 TxRDY, RxRDY and TxEMT/DSCHG outputs are open dram 

8 Parameter applies when internal transmitter clock is used 

9 Under test conditions of 5 0688 MHz feRG tBRH and tsRL measured at Vih and Vil respectively 

10 fR/T and tR/TL shown for all modes except Local Loopback For Local Loopback mode 
fR/T = 07 MHz and Ir/tl = 700 ns mm 
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CAPACITANCE Ta = 25''C, Vcc = OV 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Capacitance 
Gin Input 

Gout Output 

Gi/o Input/Output 


fc=1MHz 

Unmeasured pins tied 

to ground 






20 
20 
20 


PF 



1 



TIMING DIAGRAMS 



RESET 



,-}' 



\ 



CLOCK 



BRCLK. TxC, RxC 



^' 



•brh - 

»R/TH- 



- "BRL - 

- »R/TL - 



/ — v_ 



(INPUT) 
TxD 


TRANSMIT 

1 BIT TIME 


^ 




(1,16, OR 64 CLOCK PERIODS) 


^<^ 




^* 


f 

'\— - - -. 


»TxD 


V 


^ 


«TxD 
— 1 


-— «TCS 






Tic X 

(OUTPUT) 1 


r- 


\ 


^ 




1 















RECEIVE 








""° ; 


v-.^ 






) 






. 




■■ •hxs * 

1 




RiC (IX) \ 




L 




\ 


s 
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TIMING DIAGRAMS (Contd) 



TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits 1 in asynchronous model ) 

--TJiJULnjiniiRnjinnjuiimri^^ 



1l2|3|4|5 l 1t2t3|4t5l1|2|3|4|5l1|2|3|4|S|1|2t3|4|5 




CEFOR 

WRITE 

1 OFTHR 



DATA 1 DATA 2 



t5^ 

"V — 




I M M ^ I 



I 2 I 3 I ^ I 



\'\' \'\ 



CEFOR" 
WRITE 
OFTHR 



IT 




NOTES 

A = start bit 

B = stop bit 1 

C = Stop bit 2 

D = TxD marking condition 

TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit 



T 



I DATA 4 ( 



READ AND WRITE 



\ 



«cs — H 



D0-D7 

(WRITE) 



I L 



|-« tDS ^ 






ALIO V Bl 
^«DF h 



BUS FLOATING 
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TIMING DIAGRAMS (Cont'd) 



1 



RxRDY (Shown for 5-bit characters, no parity, 2 stop bits I in asynchronous model ) 

^jmruirLnjiRTLnimiiJiArLJirLri^^ 





1 1 2 


1 3 1 


* 


S 


1 1 2 


1 


3, 4 


S 


1,2,3,4 


5 


1,2,3,4 


5 


1,2,3,4 


5 


1,2,3,4 


»* 


1 


RxD 


SYN1 


DATA1 


DATA 2 


DATA 3 


DATA 4 


DATA 5 
























[^ ^ 








IGNORED 




"" 


RxEN 




















! r\ 






\ 










SYNDET 
STATUS BIT 




1 


























! 




■• ( 











ClFOR 
READ 



IT 





^^^ 



READ 

RHR 

(DATA 1) 



READ READ 

RHR RHR 

(DATA 3) (DATA 3) 



A |1|2|3|4|5 [ B|C A I1|2|3|4|5 | B|C| — |D | A l1|2|3|4|5 l B|C A I 1 | 2 | 3 | 

RxD I DATA1 I I DATA 2 DATA 3 I DATA 4 



1/ 



_J 



\ CE FOR 
READ 



NOTES 



A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking condition 
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TYPICAL APPLICATIONS 



ASYNCHRONOUS INTERFACE TO CRT TERMINAL 



ADDRESS BUS 



CONTROL BUS 



\7\7\/ 



-►I 



EIA TO TTL 

CONVERT 

(OPT) 



1-^ 



L 



VD 



ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 



ADDRESS BUS 



CONTROL BUS 



\>\>\> 



RxD 
TxD 



DSR O**- 
DTR 



PHONE 
LINE 

INTER- 
FACE 
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TYPICAL APPLICATIONS (Cont d) 



SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 



ADDRESS BUS 



CONTROL BUS 



\7\7\7 



RxD 
TxD 
RxC 



SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 



1 



SYNCHRONOUS INTERFACE TO TELEPHONE LINES 



ADDRESS BUS 




CONTROL BUS 



dcdCX- 
cfs O-*- 

RTS 

DSR O-*— 



PHONE 
LINE 

INTER- 
FACE 



Manufacturer reserves the right to make design and process 
changes and improvements. 
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DESCRIPTION 

The 2652 Multi-Protocol Communications 
Controller (MPCC) is a monolithic n- 
channel MOS LSI circuit that formats, trans- 
mits and receives synchronous serial data 
while supporting bit-oriented or byte con- 
trol protocols. The chip is TTL compatible, 
operates from a single +5V supply, and can 
interface to a processor with an 8 or 16-bit 
bidirectional data bus 

FEATURES 

• DC to 1Mbps data rate, 2652-1 to 2Mbps 

• Bit-oriented protocols (BOP): SDLC, 
ADCCP, HDLC 

• Byte-control protocols (BOP): DDCMP, 
BISYNC (external ORG) 

• Programmable operation 

8 or 16-bit tri-state data bus 

Error control— ORG or VRG or none 

Character length— 1 to 8 bits for BOP 

or 5 to 8 bits for BGP 

SYNC or secondary station address 

ORDERING CODE 



comparison for BCP-BOP 

idle transmission of SYNG/FLAG or 

MARK for BCP-BOP 

• Automatic detection and generation of 
special BOP control sequences, i.e., 
FLAG, ABORT, GA 

• Zero insertion and deletion for BOP 

• Short character detection for last BOP 
data character 

• SYNC generation, detection, and strip- 
ping for BCP 

• Maintenance Mode for self-testing 

• TTL compatible 

• Single +5V supply 

APPLICATIONS 

• Intelligent terminals 

• Line controllers 

• Network processors 

• Front end communications 

• Remote data concentrators 

• Communication test equipment 

• Computer to computer links 



PIN CONFIGURATION 



PACKAGE 


Vcc = 5V ±5%, Ta = OX to 70X 


1.0MHz Clock Max 


2.0MHz Clock Max 


Ceramic DIP 


SC2652C1I40 


SC2652C2I40 


Plastic DIP 


SC2652C1N40 


SC2652C2N40 



BLOCK DIAGRAM 
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40] MM 
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38] TxSQ 


S/F U 




m TxE 


RxA m 




U TxU 


RXDA [J 




m TxBE 


RXSA d 




34] TxA 


RxE [l 




m RESET 


GND H 




B1 vcc 


DB08 Ho 




HI DBOO 


DB09 Ul 




I2] DB01 


DB10 \R 




m DB02 


DB11 m 




lU DB03 


DB12 Qi 




27] OB04 


DBI3QI 




in DB05 


DB14 m 


Wi OB06 


OBISUL 


in DB07 


R/WDI 


m DBEN 


m\21 


22] BYTE 


A1 Ho 


m AO 




TOP VIEW 




NOTE 


00 IS least significant bit, highest number (that is, 


DB15, A2) IS most significant bit 



< "> BUS C 

^ ^ BUFFER ^ 



A2-A)af- 

BYTE- 
R/W- 
CE - 



READ/ 
WRITE 
LOGIC 
AND 
CONTROL 



^ 



PARAMETER CONTROL 

SYNC/ADDRESS 

REGISTER 



I 



PARAMETER 
CONTROL 
REGISTER 



-Vcc 

- GND 



RECEIVER 

DATA/STATUS 

REGISTER 

_ 



1 



TRANSMITTER 

DATA/STATUS 

REGISTER 



RECEIVER 
LOGIC AND 
CONTROL 



TRANSMITTER 
LOGIC AND 
CONTROL 
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PIN DESIGNATION 



MNEMONIC 


PIN NO. 


TYPE 


NAME AND FUNCTION 


DB15-DB00 


17-10 


I/O 


Data Bus: DB07-DB00 contain bidirectional data while DB15-DB08 contain control and status 




24-31 




information to or from the processor. Corresponding bits of the high and low order bytes can be 
WIRE OR'ed onto an 8-bit bus. The data bus is floating if either CE or DBEN are low. 


A2-A0 


19-21 




Address Bus: A2-A0 select internal registers. The four 16-bit registers can be addressed on a 
word or byte basis. See Register Address section. 


BYTE 


22 




Byte: Single byte (8 bit) data bus transfers are specified when this input is high. A low level 
specifies 16 bit data bus transfers. 


CE 


1 




Chip Enable: A high input permits a data bus operation when DBEN is activated. 


R/W 


18 




Read/Write: R/W controls the direction of data bus transfer. When high, the data is to be loaded 
into the addressed register A low input causes the contents of the addressed register to be 
presented on the data bus. 


DBEN 


23 




Data Bus Enable: After A2-A0, CE, BYTE and R/W are set up, DBEN may be strobed. During a 
read, the 3-state data bus (DB) is enabled with information for the processor. During a write, the 
stable data is loaded into the addressed register and TxBE will be reset if TDSR was addressed 


RESET 


33 




Reset: A high level initializes all internal registers (to zero) and timing. 


MM 


40 




Maintenance Mode: MM internally gates TxSO back to RxSI and TxC to RxC for off line diag- 
nostic purposes. The RxC and RxSI inputs are disabled and TxSO is high when MM is asserted. 


RxE 


8 




Receiver Enable: A high level input permits the processing of RxSI data. A low level disables the 
receiver logic and initializes all receiver registers and timing 


RxA 


5 





Receiver Active: RxA is asserted when the first data character of a message is ready for the 
processor In the BOP mode this character is the address. The received address must match the 
secondary station address if the MPCC is a secondary station. In BCP mode, if strip-SYNC 
(PCSAR13) is set, the first non-SYNC character is the first data character; if strip-SYNC is zero, 
the character following the second SYNC is the first data character. In the BOP mode, the closing 
FLAG resets RxA In the BCP mode, RxA is reset by a low level at RxE. 


RxDA* 


6 





Receiver Data Available: RxDA is asserted when an assembled character is in RDSRl and is 
ready to be presented to the processor. This output is reset when RDSRl is read. 


RxC 


2 


1 


Receiver Clock: RxCdX) provides timing for the receiver logic. The positive going edge shifts 
serial data into the RxSR from RxSI. 


S/F 


4 





SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is 
detected 


RxSA* 


7 





Receiver Status Available: RxSA is asserted when there is a zero to one transition of any bit in 
RDSRh except for RSOM. It is cleared when RDSRh is read. 


RxSI 


3 


1 


Receiver Serial Input: RxSI is the received serial data. Mark = '1', space = '0' 


TxE 


37 


1 


Transmitter Enable: A high level input enables the transmitter data path between TDSRl and 
TxSO At the end of a message, a low level input causes TxSO = 1 (mark) and TxA = after the 
closing FLAG (BOP) or last character (BCP) is output on TxSO. 


TxA 


34 





Transmitter Active: TxA is asserted after TSOM (TDSRs) is set and TxE is raised. This output will 
reset when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on 
TxSO. 


TxBE* 


35 





Transmitter Buffer Empty: TxBE is asserted when the TDSR is ready to be loaded with new 
control information or data. The processor should respond by loading the TDSR which resets 
TxBE. 


TxU* 


36 





Transmitter Underrun:TxU is asserted during a transmit sequence when the service of TxBE has 
been delayed for one character time. This indicates the processor is not keeping up with the 
transmitter Line fill depends on PCSARn. TxU is reset by RESET or setting of TSOM (TDSRs), 
synchronized by the falling edge of TxC. 


TxC 


39 


1 


Transmitter Ciocic: TxC (IX) provides timing for the transmitter logic. The positive going edge 
shifts data out of the TxSR to TxSO. 


TxSO 


38 





Transmitter Serial Output. TxSO is the transmitted serial data. Mark = '1', space = '0'. 


Vcc 


32 


1 


+5V: Power supply. 


GND 


9 


1 


Ground: OV reference ground. 



"Indicates possible interrupt signal 
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REGISTERS 


NO. OF BITS 


DESCRIPTION'' 


Addressable 

PCSAR Parameter Control Sync/Address Register 
PCR Parameter Control Register 

RDSR Receive Data/Status Register 
TDSR Transmit Data/Status Register 


16 
8 

16 
16 


PCSARh and PCR contain parameters common to 
the receiver and transmitter. PCSARl contains a 
programmable SYNC character (BCP) or secondary 
station address (BOP) 

RDSRh contains receiver status information. RDSRl 
= RxDB contains the received assembled character. 

TDSRh contains transmitter command and status 
information. TDSRL = TxDB contains the character to 
be transmitted. 


Internal 

CCSR Control Character Shift Register 

HSR Holding Shift Register 

RxSR Receiver Shift Register 

TxSR Transmitter Shift Register 

RxCRC Receiver CRC Accumulation Register 

TxCRC Transmitter CRC Generation Register 


8 
16 
8 
8 
16 
16 


These registers are used for character assembly 
(CCSR, HSR, RxSR), disassembly (TxSR), and CRC 
accumulation/generation (RxCRC, TxCRC). 



*H = High byte - bits 15-8 
L = Low byte - bits 7-0 



Table 1 GLOSSARY 



CHARACTER 


DESCRIPTION 


PCS 
BCC 


Frame Check Sequence is 
transmitted/received as 16 
bits following the last data 
character of a BOP message. 
The divisor is usually CRC- 
CCITT(Xi6 + Xi2 + X5 + 1)with 
dividend preset to 1 's but can 
be otherwise determined by 
ECM. The inverted remainder 
is transmitted as the FCS. 

Block Check Character is 
transmitted/received as two 
successive characters fol- 
lowing the last data character 
of a BCP message. The poly- 
nomial is CRC-16(X16-hxi5-h 
X2 -h 1) or CRC-CCITT with 
dividend preset to O's (as 
specified by ECM). The true 
remainder is transmitted as 
the BCC. 



Table 2 ERROR CONTROL 

FUNCTIONAL DESCRIPTION 

The MPCC can be functionally partitioned 
into receiver logic, transmitter logic, regis- 
ters that can be read or loaded by the pro- 
cessor, and data bus control circuitry. The 
register bit formats are shown in figure 1 
while the receiver and transmitter data 
paths are depicted in figures 2 and 3. 



OPERATION 


BIT PATTERN 


FUNCTION 


BOP 






FLAG 


01111110 


Frame message 


ABORT 


11111111 generation 
01111111 detection 


Terminate communication 


GA 


01111111 


Terminate loop mode repeater 
function 


Address 


(PCSARl)i 


Secondary station address 


BCP 






SYNC 


(PCSARl) or (TxDB)2 
generation 


Character synchronization 



1 {o<) refers to contents of o<: 

2 For IDLE = or 1 respectively 



Table 3 SPECIAL CHARACTERS 





SHORT FORM REGISTER BIT FORMATS 

15 14 13 12 11 10 9 8 7 6 5 


4 3 2 


1 




PCSAR 


APA 


PROTO 


SS/GA 


SAM 


IDLE 


ECM 


S/AR 






15 14 13 12 11 10 9 8 










PCR 


TxCL 


M'^^. 


RxCL 








15 14 13 12 11 10 9 8 








RDSR 


RERR 


ABC 


ROR 


RAB/ 
GA 


REOM 




RxDB 






15 14 13 12 11 10 9 8 




TDSR 


TERR 


NOT DEFINED 


TGA 


TABORT 


TEOM 


TSOM 


TxDB 




NOTE 
Refer to 


Register Formats for mneumonics and description 

Figure 1 
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MPCC RECEIVER DATA PATH 



I U I , avMC. 

rUTLL 



mH 



ZERO (BOP) 

DELETION 

LOGIC 



ZERO 

- DELETION 

CONTROL 



q!H 



6^6-16 (BCP) 

OR 

CRC-CCITT 

(BOP) 



/\ 



CRC-16 = 

COMPARATOR 

CRC-CCITT = FOBS 



J 



RxE- 
RxA-* 
RxDA-* 



NOTES 

1 Detected in SYNC FF and 7 MS bits of CCSR 
2. In BOP mode, a minimum of two data characters 
must be received to turn the receiver active 



RECEIVER 

CONTROL 

LOGIC 



Figure 2 



1 











MPCC TRANSMITTER DATA PATH 

tdST, ORPCSARl(SYNC) 
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CONTROL 
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DELAY 
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ZERO 

INSERTION 

LOGIC 














TxCRC ACC (16) 
CRC-16 OR CRC-CCITT 
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(C 


^ 


I 

SElI.2 




BCP 

PARITY 

GENERATION 


— 1 


















CONTROL 
CHARACTER 
GENERATOR 










NOTES 

1 TxORC selected If TEO 

2 In BCP, parity selected 


M = 1£ 

will b( 


ind the 
i gener 


last data c 
ated after 


haracter 
each Chi 


has been shif 
iracter is shift 


t t t 

FLAG ABORT GA 

ted out of TxSR 
ed out of TxSR 

Figure 3 
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RECEIVER OPERATION 
General 

After Initializing the parameter control re- 
gisters (PCSAR and FOR), the RxE input 
must be set high to enable the receiver data 
path. The serial data on the RxSI is syn- 
chronized and shifted into an 8-bit Control 
Character Shift Register (CCSR) on the 
rising edge of RxC. A comparison between 
CCSR contents and the FLAG (BOF) or 
SYNC (BCF) character is made until a match 
is found. At that time, the S/F output is 
asserted for one RxC time and the 16-bit 
Holding Shift Register (HSR) is enabled. The 
receiver then operates as described below. 

BOP Operation 

A flow chart of receiver operation in BOF 
mode appears in figure 4. Zero deletion 
(after five ones are received) is implemented 
on the received serial data so that a data 
character will not be interpreted as a FLAG, 
ABORT, or GA Bits following the FLAG are 
shifted through the CCSR, HSR, and into 
the Receiver Shift Register (RxSR). A char- 
acter will be assembled in the RxSR and 
transferred to the RDSRl for presentation to 
the processor At that time the RxDA output 
will be asserted and the processor must take 
the character no later than one RxC time 
after the next character is assembled in the 
RxSR. If not, an overrun (RDSRn = 1) will 
occur and succeeding characters will be 
lost. 

The first character following the FLAG is the 
secondary station address. If the MPCC is a 
secondary station (PCSAR12 = D, the con- 
tents of RxSR are compared with the add- 
ress stored in PCSARl. A match indicates 
the forthcoming message is intended forthe 
station; the RxA output is asserted, the 
character is loaded into RDSRl, RxDA is 
asserted and the Receive Start of Message 
bit (RSOM) is set. No match indicates that 
another station is being addressed and the 
receiver searches for the next FLAG. 

If the MPCC IS a primary station (PCSAR12 = 
0), no secondary address check is made, 
RxA is asserted and RSOM is set once the 
first non-FLAG character has been loaded 
into RDSRl and RxDA has been asserted. 
Extended address field can be supported by 
software if PCSAR12 = 

When the 8 bits following the address char- 
acter have been loaded into RDSRl and 
RxDA has been asserted, RSOM will be 
cleared. The processor should read this 8- 
bit character and interpret it as the Control 
field. 

Received serial data that follows is read and 
interpreted as the Information field by the 
processor. It will be assembled into charac- 
ter lengths as specified by PCRs-io- As 



BOP RECEIVE 



S/F = 1 

FOR ONE RxC 

BIT TIME 




ASSEMBLE CHARACTER 

IN RxSR, ZERO DELETION, 

ACCUMULATE CRC IF 

SPECIFIED 



(1) OVERRUN (ROVRN) 
CAUSES LOSS 
OF SUBSEQUENT 
CHARACTERS 




(PROCESSOR SHOULD 
READ RxDB) 



RxSA = 1 

(PROCESSOR SHOULD-^ 
READ AND EXAMINE 
RDSRh~ REOM, RAB/GA, 
ROVRN, ABC, RERR) 



S/F = 1 FOR ONE RxC -" 

BIT TIME 
REOM = 1, RxA = 





Figure 4 



before, RxDA is asserted each time a char- 
acter has been transferred into RDSRl and 
is cleared when RDSRl is read by the pro- 
cessor RDSRh should only be read when 
RxSA is asserted. This occurs on a zero to 
one transition of any bit in RDSRh except 
for RSOM. RxSA and all bits in RDSRh 
except RSOM are cleared when RDSRh is 
read The processor should check RDSR9- 
15 each time RxSA is asserted. If RDSR9 is 
set, then RDSR12-15 should be examined 

Receiver character length may be changed 
dynamically in response to RxDA: read the 
character in RxDB and write the new char- 
acter length into RxCL. The character 



length will be changed on the next receiver 
character boundary. A received residual 
(short) character will be transferred into 
RxDB after the previous character In RxDB 
has been read, I.e. there will not be an over- 
run. In general the last two characters are 
protected from overrun. 

The CRC-CCITT, if specified by PCSARe- 
10, Is accumulated in RxCRC on each char- 
acter following the FLAG. When the closing 
FLAG is detected in the CCSR, the received 
CRC is in the 16-bit HSR. At that time, the 
Receive End of Message bit (REOM) will be 
set; RxSA and RxDA will be asserted. The 
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processor should read the last data charac- 
ter in RDSRl and the receiver status In 
RDSR9-15. If RDSR15 = 1, there has been a 
transmission error; the accumulated CRC- 
CCITT is incorrect. If RDSR12-14 5^ 0, the 
last data character is not of prescribed 
length. Neither the received ORG nor clos- 
ing FLAG are presented to the processor. 
The processor may drop RxE or leave it 
active at the end of the received message. 

BCP Operation 

The operation of the receiver in BGP mode 
is shown in figure 5. The receiver initially 
searches for two successive SYNC charac- 
ters, of length specified by PGRs-io, that 
match the contents of PGSARL. The next 
non-SYNG character or next SYNC charac- 
ter, if stripping is not specified (PGSAR13 = 
0), causes RxA to be asserted and enables 
the receiver data path. Once enabled, all 
characters are assembled in RxSR and 
loaded into RDSRl. RxDA is active when a 
character is available in RDSRl RxSA is 
active on a to 1 transition of any bit in 
RDSRh. The signals are cleared when 
RDSRl or RDSRh are read respectively 
If CRG-16 error control is specified by 
PGSARe-io, the processor must determine 
the last character received prior to the GRG 
field. When that character is loaded into 
RDSRl and RxDA is asserted, the received 
GRG will be in GGSR and HSRl. To check 
for a transmission error, the processor must 
read the receiver status (RDSRh) and exa- 
mine RDSR15. This bit will be set for one 
character time if an error free message has 
been received. If RDSRi5 = 0, the GRG-16is 
in error. The state of RDSR15 in BGP GRG 
mode does not set RxSA. Note that this bit 
should be examined only at the end of a 
message. The accumulated GRG will in- 
clude all characters starting with the first 
non-SYNG character if PGSAR13 = 1 , or the 
character after the opening two SYNG's if 
PGSAR13 = 0. This necessitates external 
GRG generation/checking when supporting 
IBM's BISYNG. This can be accomplished 
using the Signetics 2653 Polynomial Gen- 
erator/Checker. See Typical Applications. 

If VRG had been selected for error control, 
parity (odd or even) is regenerated on each 
character and checked when the parity bit is 
received. A discrepancy causes RDSR15 to 
be set and RxSA to be asserted. This must 
be sensed by the processor. The received 
parity bit is stripped before the character is 
presented to the processor. 

When the processor has read the last char- 
acter of the message, it should drop RxE 
which disables the receiver logic and initial- 
izes all receiver registers and timing. 



BCP RECEIVE 




ASSEMBLE CHARACTER 

IN RxSR, STRIP VRC IF 

SPECIFIED, ACCUMULATE 

CRC IF SPECIFIED 



RxDA = 1 
(PROCESSOR SHOULD 
READ RxDB) 



RxSA = 1 

(PROCESSOR SHOULD 
READ AND EXAMINE 
RDSRh" ROVRN, 
RERR (IF VRC SPECIFIED)) 



NOTES 

1 Test made every RxC time 

2 Test made on Rx character boundary 




(1) SYNC'S ARE ASSEMBLED 

(2) OVERRUN (ROVRN) CAUSES 
LOSS OF SUBSEQUENT 
CHARACTERS 



1 



TRANSMITTER OPERATION 
General 

After the parameter control registers 
(PGSAR and PGR) have been initialized, 
TxSO is held at mark until TSOM (TDSRs) is 
set and TxE is raised. Then, transmitter 
operation depends on protocol mode. 

BOP Operation 

Transmitter operation for BOP is shown in 
figure 6. A FLAG is sent after the processor 
sets the Transrnit Start of Message bit 
(TSOM) and raises TxE. The FLAQ is used to 
synchronize the message that follows. TxA 
will also be asserted. When TxBE is asserted 
by the MPGG, the processor should load 
TDSRl with the first character of the mes- 



sage. TSOM should be cleared at the same 
time TDSRl is loaded (16-bit data bus) or 
immediately thereafter (8-bit data bus). 
FLAGS are sent as long as TSOM = 1 For 
counting the number of FLAGs, the proces- 
sor should reassert TSOM in response to 
the assertion of TxBE. 

All succeeding characters are loaded into 
TDSRl by the processor when TxBE = 1 . 
Each character is serialized in TxSR and 
transmitted on TxSO. Internal zero insertion 
logic stuffs a "0" into the serial bit stream 
after five successive "Is" are sent. This 
insures a data character will not match a 
FLAG, ABORT, or GA reserved control 
character. As each character is transmitted, 
the Frame Check Sequence (FCS) is gener- 
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BOP TRANSMIT 



INITIALIZE PCSAR, PCR, TDSR|. 



0- 



(PROCESSOR MUST CLEAR TABORT/TGA 
IN RESPONSE TO TxBE = 1) 



TSOM = 1 _ 
TxE = 1 ' 



©- 




TxBE = 1 

(PROCESSOR SHOULD LOAD " 

TxDB AND TSOM = 0) - 



(PROCESSOR MAY 
SETTABORT.TGA,- 
AS REQUIRED) 



ON UNDERRUN: 
TxU = 1, TERR = 1 
(PROCESSOR SHOULD 
SET TSOM) 



(PROCESSOR SHOULD 
LOAD TxDB WITH 
NEXT DATA CHAR) 



(PROCESSOR SHOULD RESET TEOM 
AND SET TSOM OR DROP TxE) 




TxSO= ABORT = 11111111 IF IDLE = 
FLAG = 01111110 IF IDLE = 1 




SERIALIZE DATA CHARACTER 

IN TxDB, ZERO INSERTION, 

ACCUMULATE CRC IF 

SPECIFIED BY ECM, 

TRANSMIT ON TxSO 





TRANSMIT ACCUMULATED 
PCS (IF SPECIFIED) AS 
INVERTED REMAINDER, 



I TRANSMIT FLAG ON TxSO • I 




•© 



* GA will be transmitted if TGA is set together with TEOM 

Figure 6 



ated as specified by Error Control Mode 
(PCSARs-io). The FOS should be the CRC- 
CCITTpolynomial(Xi6+Xi2+X5+i) preset 
to 1s. If an underrun occurs (processor Is 
not keeping up with the transmitter), TxU 
and TERR (TDSR15) will be asserted with 
ABORT or FLAG used as the TxSO line fill 
depending on the state of IDLE (PCSARn). 
The processor must set TSOM to reset the 
underrun condition. To retransmit the mes- 
sage, the processor should proceed with the 
normal start of message sequence. 

A residual character of 1 to 7 bits may be 
transmitted at the end of the Information 
field. In response to TxBE, wnte the residual 
character length into TxCL and load TxDB 
with the residual character. Dynamic altera- 
tion of character length should be done in 
exactly the same sequence. The character 
length will be changed on the next transmit 
character boundary. 

After the last data character has been 
loaded Into TDSRl and sent to TxSR (TxBE 
= 1), the processor should set TEOM 
(TDSR9). The MPCC will finish transmitting 
the last character followed by the FCS and 
the closing FLAG. The processor should 
clear TEOM and drop TxE when the next 
TxBE is asserted. This corresponds to the 
start of closing FLAG transmission. When 
TxE has been dropped, TxA will be low 1 1/2 
bit times after the last bit of the closing 
FLAG has been transmitted. TxSO will be 
marked after the closing FLAG has been 
transmitted. 

If TxE and TEOM are high, the transmitter 
continues to send FLAGs. The processor 
may initiate the next message by resetting 
TEOM and setting TSOM, or by loading 
TDSRl with a data character and then sim- 
ply resetting TEOM (without setting TSOM). 

BCP Operation 

Transmitter operation for BCP mode is 
shown in figure 7. TxA will be asserted after 
TSOM = 1 and TxE is raised. At that time 
SYNC characters are sent from PCSARl or 
TDSRl (IDLE = or 1 ) as long as TSOM = 1 . 
TxBE is asserted at the start of transmission 
of the first SYNC character. For counting 
the number of SYNC'S, the processor should 
reassert TSOM in response to the assertion 
of TxBE. When TSOM = transmission is 
from TDSRl, which must be loaded with 
characters from the processor each time 
TxBE is asserted, if this loading is delayed 
for more than one character time, an under- 
run results: TxU and TERR are asserted and 
the TxSO line fill depend on IDLE 
(PCSAR11). The processor must set TSOM 
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PROCESSOR 



BOP TRANSMIT 

I INITIALIZE PCSAR.PCR.TDSRh I 

1 '• , ( ® 

I TxSO = MARK I 




TRANSMIT SYNC ON TxSO 
SYNC FROM PCSARl" IDLE = 
SYNC FROM TxDB IDLE = 1 



AFTER SYNC(S), PROCESSOR 
LOADS DATA CHARACTER 
IN TxDB AND TSOM = 




-© 



SERIALIZE DATA CHARACTER 

IN TxDB, GENERATE VRC 

OR ACCUMULATE CRC AS 

SPECIFIED, TRANSMIT ON TxSO 



(PROCESSOR SHOULD GET 

TEOM AT END OF 

MESSAGE IF CRC 
SPECIFIED) 

TxU = 1, TERR = 1 
(PROCESSOR SHOULD 
SET TSOM = 1) V 



(PROCESSOR SHOULD 
CLEAR TEOM AND 
DROP TxE) 




TRANSMIT ACCUMULATED 
CRC SPECIFIED (IF NO 
CRC, TEOM SHOULD = 0) 




SYNC FROM PCSARl IF IDLE = 
MARK IF IDLE = 1 
UNTIL TSOM = 1 




Figure 7 



and retransmit the message to recover This 
is not compatible with IBM's BISYNC, so 
that the user must not underrun when sup- 
porting that protocol. 

CRC-16, if specified by PCSARs-io, is gen- 
erated on each character transmitted from 
TDSRl when TSOM = 0. The processor 
must set TEOM = 1 after the last data char- 
acter has been sent to TxSR (TxBE = 1 ). The 
MPCC will finish transmitting the last data 
character and the CRC-1 6 field before send- 
ing SYNC characters which are transmitted 
as long as TEOM = 1. If SYNCs are not 
desired after CRC-16 transmission, the pro- 
cessor should clear TEOM and lower TxE 
when the TxBE corresponding to the start of 
CRC-16 transmission is asserted. When 
TEOM = 0, the line is marked and a new 
message may be iniated by setting TSOM 
and raising TxE. 

If VRC IS specified, it is generated on each 
data character and the data character 
length must not exceed 7 bits For software 



LRC or CRC, TEOM should be set only if 
SYNC'S are required at the end of the 
message block. 

Special Case 

The capability to transmit 16 spaces is pro- 
vided for line turnaround in half duplex 
mode or for a control recovery situation. 
This is achieved by setting TSOM and 
TEOM, clearing TEOM when TxBE = 1 , and 
proceeding as required. 

PROGRAMMING 

Prior to initiating data transmission or re- 
ception, PCSAR and PCR must be loaded 
with control information from the proces- 
sor. The contents of these registers (see 
Register Format section) will configure the 
MPCC for the user's specific data communi- 
cation environment. These registers should 
be loaded during power-on initialization 
and after a reset operation. They can be 
changed at any time that the respective 
transmitter or receiver is disabled. 



The default value for all registers is zero. 
This corresponds to BOP, primary station 
mode, 8-bit character length, FCS = CRC- 
CCITT preset to Is. 

For BOP mode the character length register 
(PCR) may be set to the desired values 
during system initialization. The address 
and control fields will automatically be 8- 
bits. If a residual character is to be transmit- 
ted, TxCL should be changed to the residual 
character length prior to transmission of 
that character 

DATA BUS CONTROL 

The processor must set up the MPCC regis- 
ter address (A2-A0), chip enable (CE), byte 
select (BYTE), and read/write (R/W) inputs 
before each data bus transfer operation. 

During a read operation (R/W = 0), the 
leading edge of DBEN will initiate an MPCC 
read cycle. The addressed register will 
place its contents on the data bus. If BYTE = 
1, the 8-bit byte is placed on DB15-08 or 
DB07-00 depending on the H/L status of the 
register addressed. Unused bits in RDSRl 
are zero. If BYTE = 0, all 16 bits (DB15-00) 
contain MPCC information. The trailing 
edge of DBEN will reset RxDA and/or RxSA 
if RDSRl or RDSRh is addressed respec- 
tively. 

DBEN acts as the enable and strobe so that 
the MPCC will not begin its internal read 
cycle until DBEN is asserted. 

During a write operation (R/W = 1), data 
must be stable on DB15-08 and/or DB07-00 
prior to the leading edge of DBEN. The 
stable data is strobed into the addressed 
register by DBEN. TxBE will be cleared if the 
addressed register was TDSRh or TDSRl. 
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A2 


A1 




AO 


REGISTER 


BYTE = 


16-BIT DATA BUS 


= DBi5- 


DB 


00 














X 


RDSR 







1 




X 


TDSR 




1 







X 


PCSAR 




1 


1 




X 


PCR* 


BYTE = 1 


8-BIT DATA BUS = DBy.^ 


or 


DB15.8*- 

















RDSRl 












1 


RDSRh 







1 







TDSRl 







1 




1 


TDSRh 




1 










PCSARl 




1 







1 


PCSARh 




1 


1 







PCRl* 




1 


1 




1 


PCRh 



' PCR lower byte does not exist It will be all "0"s when read 
* Corresponding high and low order pins must be tied together 



Table 4 MPCC REGISTER ADDRESSING 



BIT 


NAME 


MODE 


FUNCTION 


00-07 


Not Defined 






08-10 


RxCL 


BOP/BCP 


Receiver Character Lengtii is loaded by the processor when RxCLE = 0. The 

character length is valid after transmission of single byte address and control fields 

have been received. 

10 9 8 Char, length (bits) 

8 

1 1 

10 2 

Oil 3 

10 4 

10 1 5 

110 6 

111 7 


11 


RxCLE 


BOP/BOP 


Receiver Character Length Enable should be zero when the processor loads RxCL. The 
remaining bits of PCR are not affected during loading. Always when read. 


12 


TxCLE 


BOP/BCP 


Transmitter Character Length Enable should be zero when the processor loads TxCL. 
The remaining bits of PCR are not affected during loading. Always when read. 


13-15 


TxCL 


BOP/BCP 


Transmitter Character Length is loaded by the processor when TxCLE = 0. Character 
bit length specification format is identical to RxCL It is valid after transmission of 
single byte address and control fields 



Table 5 PARAMETER CONTROL REGISTER (PCR)-(R/W) 
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BIT 


NAME 


MODE 


FUNCTION 


00-07 


S/AR 


BOP 
BCP 


SYNC/ADDRESS Register. Contains the secondary station address if the MPCC is a 
secondary station. The contents of this register is compared with the first received non- 
FLAG character to determine if the message is meant for this station. 
SYNC character is loaded into this register by the processor It is used for receive and 
transmit bit synchronization with bit length specified by RxCL and TxCL 


08-10 


ECM 


BOP/BCP 


Error Control Mode 10 9 8 Suggested Mode Char, length 

CRC-CCITT preset to 1's BOP 1-8 

CRC-CCITT preset to O's 1 BCP 8 

Not used 10 

CRC-16 presettoO's 1 1 BCP 8 

VRCodd 1 BCP 5-7 

VRCeven 1 1 BCP 5-7 

Not used 110 

No error control 1 1 1 BCP/BOP 5-8 

ECM should be loaded by the processor during initialization or when both data paths 

are idle. 


11 


IDLE 


BOP 
BCP 


Determines line fill character to be used if transmitter underrun occurs (TxU asserted 
and TERR set) and transmission of special characters for BOP/BCP. 
IDLE = 0, transmit ABORT characters during underrun and when TABORT = 1 
IDLE = 1, transmit FLAG characters during underrun and when TABORT = 1 
IDLE = transmit initial SYNC characters and underrun line fill characters from the 
S/AR , 

IDLE = 1 transmit initial SYNC characters from TxDB and marks TxSO during under- 
run. 


12 


SAM 


BOP 


Secondary Address Mode = 1 if the MPCC is a secondary station This facilitates 
automatic recognition of the received secondary station address When transmitting, 
the processor must load the second&ry address into TxDB 

SAM = inhibits the received secondary address comparison which serves to activate 
the receiver after the first non-FLAG character has been received 


13 


SS/GA 


BOP 
BCP 


Strip SYNC/Go Ahead Operation depends on mode. 

SS/GA = 1 1S used for loop mode only and enables GA detection. When a GA is detected 

as a closing character, REOM and RAB/GA will be set and the processor should 

terminate the repeater function SS/GA = is the normal mode which enables ABORT 

detection. It causes the receiver to terminate the frame upon detection of an ABORT or 

FLAG 

SS/GA = 1, causes the receiver to stnp SYNC's immediately following the first two 

SYNC'S detected SYNC's m the middle of a message will not be stripped SS/GA = 0, 

presents any SYNC's after the initial two SYNC's to the processor 


14 


PROTO 


BOP 
BCP 


Determines MPCC Protocol mode 
PROTO = 
PROTO = 1 


15 


APA 


BOP 


All Parties Address. If this bit is set, the receiver data path is enabled by an address field 
of '11111111' as well as the normal secondary station address 



Table 6 PARAMETER CONTROL SYNC/ADDRESS REGISTER (PCSAR)-(R/W) 



BIT 



NAME 



MODE 



FUNCTION 



00-07 



TxDB 



BOP/BCP 



Transmit Data Buffer. Contains processor loaded characters to be serialized in TxSR 
and transmitted on TxSO. 



08 



TSOM 



BOP 



BCP 



Transmitter Start of Message. Set by the processor .to initiate message transmission 
provided TxE = 1. 

TSOM = 1 generates FLAGs. When TSOM = transmission is from TxDB and FCS 
generation (if specified) begins. FCS, as specified by PCSARg-io, should be CRC- 
CCITT preset to 1's. 

TSOM = 1 generates SYNCs from PCSARl or transmits from TxDB for IDLE = or 1 
respectively When TSOM = transmission is from TxDB and CRC generation (if 
specified) begins 



Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15) 
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BIT 


NAME 


MODE 


FUNCTION 


09 


TEOM 


BOP 
BCP 


Transmit End of IVIessage. Used to terminate a transmitted message. 

TEOM = 1 causes tiie PCS and the closing FLAG to be transmitted following the 
transmission of the data character in TxSR. FLAGs are transmitted until TEOM = 0. 
ABORT or GA are transmitted if TABORT or TGA are set when TEOM = 1. 
TEOM = 1 causes CRC-16 to be transmitted (if selected) followed by SYNCs from 
PCSARl or TxDB (IDLE = or 1). Clearing TEOM prior to the end of CRC-16 
transmission (when TxBE = 1) causes TxSO to be marked following the CRC-16. TxE 
must be dropped before a new message can be initiated. If CRC is not selected, TEOM 
should not be set. 


10 


TABORT 


BOP 


Transmitter Abort = 1 will cause ABORT or FLAG to be sent (IDLE = or 1) after the 
current character is transmitted. (ABORT = 11111111) 


11 


TGA 


BOP 


Transmit Go Ahead (GA) instead of FLAG when TEOM = 1. This facilitates repeater 
termination m loop mode. (GA = 01111111) 


12-14 


Not Defined 






15 


TERR 


Read 
only 

BOP 
BCP 


Transmitter Error = 1 indicates the TxDB has not been loaded in time (one character 

time -1/2 TxC period after TxBE is asserted) to maintain continuous transmission. TxU 

will be asserted to inform the processor of this condition. TERR is cleared by 

setting TSOM. See timing diagram. 

ABORT'S or FLAG'S are sent as fill characters (IDLE = or 1) 

SYNC'S or MARK'S are sent as fill characters (IDLE = or 1). For IDLE = 1 the last 

character before underrun is not valid. 



Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15) (Cont'd) 



BIT 


NAME 


MODE 


FUNCTION 


00-07 


RxDB 


BOP/BCP 


Receiver Data Buffer. Contains assembled characters from the RxSR If VRC is 
specified, the parity bit is stripped. 


08 


RSOM 


BOP 


Receiver Start of Message = 1 when a FLAG followed by a non-FLAG has been 
received and the latter character matches the secondary station address if SAM = 1 . 
RxA will be asserted when RSOM = 1 . RSOM resets itself after one character time and 
has no effect on RxSA. 


09 


REOM 


BOP 


Receiver End of Message = 1 when the closing FLAG is detected and the last data 
character is loaded into RxDB or when an ABORT/GA character Is received. REOM is 
cleared on reading RDSRh, reset operation, or dropping of RxE. 


10 


RAB/GA 


BOP 


Received ABORT or GA character = 1 when the receiver senses an ABORT character if 
SS/GA = or a GA character if SS/GA = 1 RAB/GA is cleared on reading RDSRh, reset 
operation, or dropping of RxE. A received ABORT does not set RxDA. 


11 


ROR 


BOP/BCP 


Receiver Overrun = 1 indicates the processor has not read last character in the RxDB 
within one character time +V2 RxC period after RxDA is asserted. Subsequent char- 
acters will be lost.RORisclearedonreadingRDSRH,resetoperation,ordroppingof RxE. 


12-14 


ABC 


BOP 


Assembled Bit Count. Specifies the number of bits in the last received data character of 
a message and should be examined by the processor when REOM = 1 (RxDA and RxSA 
asserted). ABC = indicates the message was terminated (by a FLAG or GA) on a 
character boundary as specified by PCRa-io. Otherwise, ABC = number of bits in the 
last data character. ABC is cleared when RDSRh is read, reset operation, or dropping 
RxE. The residual character is rignt justified in RDSRl. 


15 


RERR 


BOP/BCP 


Receiver Error indicator should be examined by the processor when REOM = 1 in BOP, 
or when the processor determines the last data character of the message in BCP with 
CRC or when RxSA is set in BCP with VRC. 
CRC-CCITT preset to 1's/O's as specified by PCSARs-io: 

RERR = 1 indicates FCS error (CRC i^ FOBS/ 9^ 0) 

RERR = indicates FCS received correctly (CRC = FOB /=0) 
CRC-16 preset to O's on 8-bit data characters specified by PSCARs-io: 

RERR = 1 indicates CRC-16 received correctly (CRC = 0). 

RERR = indicates CRC-16 error (CRC ^ 0) 
VRC specified by PCSARs-io: 

RERR = 1 indicates VRC error 

RERR = indicates VRC is correct 



Table 8 RECEIVER DATA/STATUS REGISTER (RDSR)-(Read Only) 
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ABSOLUTE MAXIMUM RATINGS1 



PARAMETER 


RATING 


UNIT 


Ta 


Operating ambient temperatures 


to +70 


''C 


TSTG 


Storage temperature 
Input or output voltages 


-65 to +150 


«c 




with respect to GND3 


-0.3 to +15 


V 


vcc 


With respect to GND 


-0.3 to+7 


V 




DC ELECTRICAL CHARACTERISTICS Ta = 0«'C to +70«C. Vcc = +5V ±5%^ s 








PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIn 


Typ 


Max 


Input voltage 
ViL Low 
ViH High 




2.0 




0.8 


V 


Output voltage 
Vol Low 
VoH High 


l0L = 1.6mA 

IOH = -100AiA 


2.4 




0.4 


V 


Ice Power supply current 


Vcc = 5.25V, Ta = 0*C 






150 


mA 


Leakage current 
liL Input 
loL Output 


ViN = to 6.25V 
VouT = to 5.25V 






10 
10 


mA 


Capacitance 
CiN Input 
CouT Output 


ViN = OV, f = 1MHz 
VouT = 0V,f = 1MHz 






20 
20 


PF 



AC ELECTRICAL CHARACTERISTICS Ta = 0°C to 70«C. Vcc = 5V ± 5%^ 



PARAMETER 


2652 


2652-1 


UNIT 


MIn 


Typ 


Max 


MIn 


Typ 


Max 


Setup and hold time 
tACS Address/control setup 
tACH Address/control hold 
tDS Data bus setup (write) 
tDH Data bus hold (write) 
tRxs Receiver serial data setup 
tRxH Receive serial data hold 


50 

50 


150 
150 






50 


50 


150 
150 






ns 


Pulse width 
tRES RESET 
tDBEN DBEN 


250 
250 




m7 


250 
200 




m7 


ns 


Delay time 
tDD Data bus (read) 
tTxD Transmit serial data 
tDBEND DBEN to DBEN delay 


200 




200 
325 


200 




170 
250 


ns 


tDF Data bus float time (read) 






150 






150 


ns 


f Clock (RxC, TxC) frequency 






1.0 






2.0 


MHz 


tCLKi Clock high (MM = 0) 
tcLKi Clock high (MM = 1) 
tCLKO Clock low 


340 
490 
490 






165 
240 
240 






ns 
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NOTES 

1 Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or at any other condition above those indicated in the operation 
sections of this specification is not implied 

2 For operating at elevated temperatures the device must be derated based on +150'' C 
maximum junction temperature and thermal resistance of 60° C/W junction to ambient 
(IQ ceramic package) 

3 This product includes circuitry specifically designed for the protection of its internal 
devices from the damaging effects of excessive static charge Nonetheless, it is 
suggested that conventional precautions be taken to avoid applying any voltages 
larger than the rated maxima 



4 Parameters are valid over operating temperature range unless otherwise specified 

5 All voltage measurements are referenced to ground All time measurements are at 8V 
or 2.0V. Input voltage levels for testing are 0.4V and 2.4V. 

6 Output load C|_ « lOOpF. 

7 m = TxC low and applies to writing to TDSRh only 



TrMING DIAGRAMS 




DBEN 
Ao-Aj^ 

ce.r/w.byte" 


READ AND WRITE DATA BUS 




V 1 








tACS— 4 







■*- 


- 


"-•— tACH 


-] 






"T 


tACS— » 




'*" NOT 


— 


T 


-•— tACH 




FLOATING 


X VALID X 


VALID 


JH FLOATING 1 


(WRITEt 




*-«DD ^ 


-* 


-1 


^.OP j 


i 




~'i 


«DS-*I 


— 


- 


t-'OH 



- »CLK1 - 



— 'r 

I-*- TxD — •-| 



CLOCK 



^. / 



i ^. 



|*-«RxS-^p-«RxH-^ 
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TIMING DIAGRAMS (Cont d) 



1 



TRANSMIT— START OF MESSAGE 




LOAD 2N0 CHAR 



SYNC may be 5 to 8 bits and will contain parity bit as specified 

TxA goes high relative to TxC rising edge after TSOM has been set and TxE has been 

raised 

TxBE goes low relative to DBEN falling edge on the first write transfer into TDSR. It is 

reasserted 1 TxC time before the first bit of the transmitted SYNC/FLAG TxBE then 

goes low relative to DBEN falling edge when writing intoTDSRH and/or TDSRl It is 

reasserted on the rising edge of the TxC that corresponds to the transmission of the 

last bit of each character, except in BOP mode when the CRC is to be sent as the 

next character (see Transmit Timing— End of Message) 



TRANSMIT— END OF BOP MESSAGE 


TxSO NEXT TO LAST CHAR 1 LAST CHAR 1 CRC 1 FLAG 


J/ - 




-.' Ill II 


-K 


LOAD LAST CHAR SET TEOM RESET TEOM 

n n n 


A 




/ 


1 \ / 


\/ 


TxA« 

NOTES 

4 TxBE goes low relative to the falling edge of DBEN corresponding to loading 
TDSRh/l It goes high one TxC before character transmission begins and also when 
TxA has been dropped 

5 TxE can be dropped before resetting TEOM if TxBE (corresponding to the closing 
FLAG) IS high Alternatively TxE can remain high and a new message initiated 

6 TxA goes low after TxE has been dropped and 1 1/2 TxC's after the last bit of the 
closing FLAG has been transmitted. 


^ 
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TIMING DIAGRAMS (Cont d) 



TRANSMIT TIMING— END OF BCP MESSAGE 

-rLjn_jij-LJT,j-LrLnAiiJ"iJ~LrL 



TxSO NEXT TO LAST CHAR I LAST CHAR 



I r 



LOAD LAST CHAR 



RESET TEOM 



' TL 



A 



A 



When 2652 generated CRC is not required, TEOM should only be set if SYNCs are to 
follow the message block In that case, TxE should be dropped in response to TxBE 
(which corresponds to the start of transmission of the last character) When CRC is 
required, TxE must be dropped before CRC transmission is complete Otherwise, the 
contents of TxDB will be shifted out on TxSO This facilitates transmission of con- 
tiguous messages 



TRANSMIT UNDERRUN 

=jijijijnjiJij-LrLrLrLn_ 



1 


1 


TxU" 1 


1 


BEN 


£-SETTSOM 

n 



NOTES 

8 TxU goes active relative to TxC falling edge if TxBE has not been serviced after n-1/2 
TxC times (where n = transmit character length) TxU is reset on the TxC falling edge 
following assertion of the TSOM command 

9 An underrun will occur at the next character boundary if TEOM is reset and the 
transmitter remains enabled, unless the TSOM command is asserted or a character is 
loaded into the TxDB 
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TIMING DIAGRAMS (Cont d) 



RECEIVE— START OF MESSAGE 



-T\fW' 




NOTES 

9 RxA goes high relative to falling edge of RxC when RxE is high and 
a A data character following two SYNC's is in RxDB (BCP mode) 

b Character following FLAG is in RxDB (BOP primary station mode) 
c Character following FLAG is in RxDB and character matches the secondary 
station address or All Parties Address (BOP secondary station mode) 

10 RxDA goes high on RxC falling edge when a character in RxDB is ready to be read It 
comes up before RxSA and goes low on the falling edge of DBEN when RxDB is read 

1 1 S/F goes high relative to rising edge of RxC anytime a SYNC (BCP) or FLAG (BOP) is 
detected 



1 



RECEIVE END OF MESSAGE 




NOTES 



12 At the end of a BOP message, RxSA goes high when FLAG detection (S/F = 1) forces 
REOM to be set Processor should read the last data character (RDSRl) and status 
(RDSRh) which resets RxDA and RxSA respectively For BCP end of message, RxSA 
may not be set and S/F= The processor should read the last data character and 
status 

13 RxE must be dropped for BCP with non-contiguous messages It may be left on at the 
end of a BOP message (see BOP Receive Operation) 

14 RxA is reset relative to the falling edge of RxC after the closing FLAG of a BOP 
message (REOM = 1 and RxSA active,) or when RxE is dropped 
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TYPICAL APPLICATIONS 



2652 MPCC MICROPROCESSOR INTERFACE 



RESET I i- 



A2-0, R/W DBEN CE 



O^ 



MODEM 

CONTROL 

LOGIC 






-0— 

-GD- 



RTS, CTS, 
DTR, DSR, 
DCD 



Possible fxP interrupt requests are 

RxDA, RxSA, TxBE, TxU 
Other 2652 status signals and possible uses are 

S/F line idle indicator, frame delimiter 

RxA handshake on RxE, line turn around control 

TxA handshake on TxE, line turn around control 
Line Drivers/Receivers (LD/LR) convert EIA to TTL voltages and vice-versa 
RTS should be dropped after the CRC (BCP) or FLAG (BOP) has been transmitted 
This forces CTS low and TxE low 
Corresponding high and low order bits of DB must be OR tied 



DMA/PROCESSOR INTERFACE 



i£ 



WORD COUNT 



ADDRESS PTR 



R/W CONTROL 



CONTROLLER 



2652 

ADDRESS AND 

CONTROL 



ADDRESS, R/W CONTROLS 



7> 



TO PROCESSOR 
WRREQ 



ILZ 



RxE 
RxSA 



A2-A0 
BYTE 
R/W 



RxC TxC RxSI TxSO 



MODEM OR DCE 



3E 



PROCESSOR (P) 

AND 

SUPPORT 

LOGIC 

1 INITIALIZES 2652 

2 SETS/RESETS TSOM, 
TEOM 

3 RESPONDS TO 
RxSA 



ADDRESS, R/W, CONTROL 



-RxDA 
-TxBE 



iz. 



System Address and Control Bus 



For non-DMA operation, TxBE and RxDA are sent to the processor which then loads or 
reads data characters as required 



1 



ADDRESS, CE, R/W 

7^:^ — 
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TYPICAL APPLICATIONS (Cont d) 



CHANNEL INTERFACE 



BAUD 

RATE 

GENERATOR 



BAUD 

RATE 

GENERATOR 



J_^ 



-Ell Ei|- 



TxC RxC 



*^ r — I 



lEP 



-—{^ — rn— 
— -Fi — r°v- 



1 



TxC RxC 



No Modem— DC Baseband Transmission 



2652/2653 INTERFACE 
TYPICAL PROTOCOLS: BISYNC, DDCMP, SDLC, HDLC 



INTERRUPTS 



TxBE, TxU, RxDA, RxSA 



Jl 
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DESCRrPTION 

The Signetics 2653 Polynomial Generator 
Checker (PGC) is a polynomial generator 
checker /character comparator circuit that 
complements a receiver /transmitter (R/T or 
USART/USRT/UART) in the support of 
character oriented data link controls. Table 
1 defines many of the more commonly used 
PGC terms and abbreviations. 

Parallel data characters transferred be- 
tween the CPU and R/T are monitored by 
the PGC which performs block check char- 
acter (BCC) and parity (VRC) genera- 
tion/checking, single character detection, 
and two character sequence detection. 
Since the PGC operates on parallel charac- 
ters, the data transmission format may be 
serial (synchronous or asynchronous) or 
parallel. 

There are four modes of BCC accumulation 
and each mode can select one of three poly- 
nomials to compute the BCC. In the BISYNC 
normal and transparent modes, the PGC de- 
termines which characters are to be accu- 
mulated and which characters are to be ex- 
cluded from the accumulation. The block 
terminating characters and the initiation and 
termination of BISYNC transparent text can 
be detected and an Interrupt generated. The 
single interrupt output represents the inclu- 
sive OR of four maskable status conditions. 

In the automatic accumulation mode, all 
characters are accumulated while the single 
accumulate mode requires a specific accu- 
mulation command for each character to be 
accumulated. 

Character accumulation control and charac- 
ter comparisons are facilitated by a charac- 
ter class array which places each of 128 
characters into one of four character 
classes. The four classes are normal, 
SYN/ BISYNC not included, block terminat- 
ing character (BTC)/ search character (SO, 
and secondary search character (SSC). 

Additional PGC applications include off-line 
R/T operation where the BCC is generated 
on data not sent to the R/T, BCC multiplex- 
ing by sharing the PGC among several R/Ts 
and reading /writing the partial BCC accu- 
mulation on a character by character basis, 
VRC generation /checking on characters 
appearing on a bidirectional data bus, and 
programmable character comparisons or 
searches. 

PGC operation is half duplex (either receive 
or transmit, one way or two way alternate). 
Full duplex (two way simultaneous) is 
achieved by using two PGCs. The device is 
directly compatible with the Signetics 2651 
Programmable Communications Interface 
(PCI) and 2661 Enhanced Programmable 



Communications Interface (EPCI). When 
used in BISYNC modes with the 2661, soft- 
ware requirements are minimized by the 
2653-2661 control character comparisons, 
character sequence comparisons, and auto- 
matic DLE insertion /detection. 

Other bus oriented R/Ts can be interfaced 
to the PGC with a minimum of external cir- 
cuitry. See figure 1 for a typical system con- 
figuration. 

This NMOS LSI circuit is TTL compatible, 
operates from a single + 5V supply and is 
contained in a 16 pin dual in line package. 

FEATURES 

• Parallel Block Check Character 
accumulation/checking: CRC-16, 
CRC-12, LRC-8 

• BISYNC normal and transparent modes 

• Automatic or single character accumu- 
lation modes 

• Character detection - up to 128 charac- 
ters 

• Two character sequence detection; ex- 
amples: DLE-STX, ACK 0, ACK 1, 
WACK, RVI, DISC, WBT 

• 6, 7, or 8-bit characters 

• VRC generation /checking on data bus 

• Four maskable interrupt conditions 

• Four classes of characters 

• Internal power-on reset 

• Maximum character accumulation rate 
of 500 kHz (4 Mbps) 

• Directly compatible with Signetics 
2651, 2652 and 2661 

• No system clock required 

• TTL compatible inputs and outputs 

• Single 5V supply 

• 16-pin dual in line package 

ORDERING CODE 



PIN CONFIGURATION 









DO pr 




26] VCC 


D1 [T 




]£ Ceo 


D2 [T 




III CeT 


D3 [T 




jU r/w 


04 U 




H] AO 


05 [F 




TTI Ai 


06 [T 




]o] iFff 


GND [T 




T] 07 




TOP VIEW 





APPLICATIONS 

• Character oriented data link control: 

-dedicated to one USART/USRT 
-multiplexed among several 
USART/USRTs 

• Automated BISYNC with 2661 (minimal 
software intervention) 

• BCC and VRC generation /detection on 
a block of memory or peripheral data 

• Programmable character array compa- 
rator 



BLOCK DIAGRAM 

The PGC consists of six major sections. 
These are the operation control, character 
class array, DLE ROM, character register, 
BCC and parity generators, and BCC regis- 
ters. These sections communicate with 
each other via an internal data bus and an 
internal control bus. The internal data bus 
interfaces to the CPU data bus via a data 
bus buffer. 



PACKAGES 


COMMERCIAL RANGES 
Vcc = 5V ± 5%, Ta = OX to 70X 


Ceramic DIP 


SC2653CSI16 


Plastic DIP 


SC2653CSN16 
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BLOCK DIAGRAM 
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OPERATION CONTROL 



MODE REGISTER 



COMMAND REGISTER 



STATUS REGISTER 



<: 



^ 



S5 



::> 



CHARACTER REGISTER 



l> jy 



S 



3i 



SL? 



H 



\Z. 



PIN DESIGNATION 



MNEMONIC 


PIN NO. 


TYPE 


NAME AND FUNCTION 


vcc 


16 


1 


+5V: Power supply 


GND 


8 


1 


Ground 


A1-A0 


11,12 


1 


Address Lines: Used to select Internal PGC registers or character class array 


R/W 


13 


1 


Read /Write: Read command when low, write command when high 


CEO 


15 


' 


Chip Enable: Connected to chip enable input of a receiver /transmitter (R/T) circuit. It is used 
to strobe data being transferred between the CPU and the R/T into the PGC character 
register. 


CE1 


14 


' 


Chip Enable: Used in conjunction with the R/W signal to enable the transfer of data between 
the PGC and the CPU or DMA controller and to initialize the PGC registers. 


D7-D0 


9.7-1 


I/O 


Data Bus: 8-bit three-state bidirectional bus used to transfer data to or from the PGC via CEO 
or CE1. All data, mode words, command words, and status information are transferred on this 
bus. DO is the least significant bit; D7 is the most significant bit. 


iNT 


10 





Interrupt: Open drain active low Interrupt output that signals the CPU that one or more 
maskable conditions are true: BCC error, VRC error, BTC/SC detect, SSC detect. The true 
conditions can be determined by reading the status register which in turn deactivates INT. A 
power on, clear BCC, or master reset command causes INT to be inactive (high). 
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Table 1. GLOSSARY 



TERM/ABBREVIATION 


DEFINITION 


BCC 


Block check character 


BTC 


Block terminating character 


SC 


Search character 


SSC 


Second search character (preceded by DLE) 


CRC-16 


Xl6 + x16 + x2+l divisor, dividend pre-cleared 


CRC-12 


Xl2 + x11 + x3 + x2 + X+1 divisor, dividend 




pre-cleared 


LRC-8 


Horizontal parity on least significant 7 bits; vertical 




parity on most significant bit 


VRC 


Vertical redundancy check (character parity) 


R/T 


Receiver/transmitter circuit. Also known as 




US ART / USRT / U ART / PCI / MPCC 


BISYNC 


IBM binary synchronous communications (BSC), 




ANSI X3.28, ISO 1746 


MSB 


Most significant bit 


LSB 


Least significant bit 


Rx 


Receive 


Tx 


Transmit 



TYPICAL SYSTEM CONFIGURATION 

TxC RxC 



c 



:> 



J i 



USART 

OR 
USRT 



NOTES 

1 Open drain INT may be OR tied with 2651 PCI, 2661 EPCI. or other open dram interrupt 
oufpuis 

2 No external circuitry necessary if 2651 or 2661 is the USART 

Figure 1 



Operation Control Unit 

This functional block stores configuration 
and operation instructions from the CPU and 
generates appropriate signals to control the 
device operation, it also contains read and 
write circuits to permit communications be- 
tween the CPU and the PGC registers via 
the data bus. The mode, command, and sta- 
tus registers are in this logic block. 

Character Register 

Characters to be considered for BCC gen- 
eration, parity generation and checking, or 
character compar isons are loaded into this 
register by either CEO or CE1. This register 
serves as an input to the BCC and VRC gen- 
erator, where the accumulation and parity 
generation takes place. The character reg- 
ister also serves as the input for character 
class array and DLE comparisons. 

Cliaracter Class Array 

This 128 X 2 array holds the character class 
associated with each of 128 possible 7-bit 
characters. The array is zero after a master 
reset. When the character class array is 
loaded (see PGC Addressing), the charac- 
ter on the data bus is placed in the class 
specified by the contents of command regis- 
ter bits CR2 and CR3. The PGC uses these 
two command bits to represent four different 
character classes. These are: 

1. Normal class (included in the accumula- 
tion) 

2. SYN character/BISYNC not included 
class 

3. Block terminating character/search 
class 

4. Second search character class (preced- 
ed by DLE) 

These encoded character classes are used 
by the PGC: 

1. To control the BCC accumulation of as- 
sociated characters in BISYNC modes 
only. BCC accumulation in automatic or 
single accumulation modes is carried out 
independent of the character classes. 

2. To detect characters and two character 
sequences in all modes of accumulation 
and to set the control character detect 
bits in the status register. 

It should be noted that any number of char- 
acters (up to 1 28 for CRC- 1 6 or LRC-8; up to 
64 for CRC-12) can be put into any one 
class. 

If VRC is specified along with CRC- 16 then 
the least significant 7 bits of the character 
are used for character array comparison. If 
VRC is not enabled, but CRC-16 is, the MSB 
of the character then determines whether a 
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character comparison is to take place. If the 
MSB is 0. the comparison takes place; if the 
MSB is 1, the comparison does not take 
place and the character is processed as 
though it were in the normal class. This en- 
ables the PGC to detect all communication 
control characters and DLE-SSC se- 
quences. 

Only the first 64 locations of the array are 
accessed if CRC-12 is selected. The user 
should right justify each six bit character 
(D0-D5) to be written into the character 
class array. Bit 6 must be zero. 

If VRC is enabled, the generated parity be- 
comes the most significant bit of the charac- 
ter to be compared. VRC Is not allowed in 
BISYNC transparent mode. 

The method in which the character register 
contents is compared against the character 
class array depends on the BCC polynomial 
chosen. Figure 2 illustrates the comparison 
process. 

DLE Read Only Memory 

The DLE characters are stored internally 
and are selected by the error polynomial as 
follows: 

CRC-12: 01 1111 
LCR-8 or CRC-16: 

No VRC or odd VRC: 0001 0000 
Even VRC 1001 0000 

BCC and Parity Generator 

This functional block performs all the neces- 
sary computation to generate and update 
the BCC accumulation on a character by 
character basis. It contains the three gener- 
ator polynomials (CRC-16, CRC-12, and 
LRC-8) that can be selected to compute the 
BCC. This block also checks and generates 
odd or even parity for 7-bit (ASCII) charac- 
ters. 

BCC Registers 

This block consists of two 8-bit registers 
(BCC upper and BCC lower) which contain 
the high and low order bytes of the BCC 
accumulation. The result of the accumula- 
tion from the BCC and parity generator is 
stored in these registers. A recirculating 
register address pointer is initialized by a 
power on, master reset, or clear BCC com- 
mand. The pointer alternately selects BCC 
upper and lower on successive BCC register 
accesses for CRC-16 or CRC-12. For LRC- 
8, BCC upper is always selected. 

BCC upper and lower are cleared by a clear 
BCC or master reset command. The highest 
term of the BCC polynomial Is always repre- 
sented by bit of BCC upper; the lowest 
term is always represented by bit 7 of BCC 
lower (see figure 3, Orientation of BCC Poly- 
nomials.) 



CHARACTER CLASS ARRAY COMPARISON OPERATION 





DISABLE 

CHARACTER 

COMPARISON 



Tv.s 




«0 




'' 




ENABLE COMPARISON 




ON LOWER 7 BITS 




(06 - DO) 




MSB IS IGNORED 



ENABLE COMPARISON 
ON LOWER 6 BITS 
{D5 - DO) 
MSB IS IGNORED 
BIT 6 MUST BE ZERO 



ENABLE COMPARISON 

ON LOWER 7 BITS 

(D6-D0) 

MSB IS IGNORED 



NOTE 

Transparent mode always disables the SSC comparison 



Figure 2 



1 



The length of the block check character de- 
pends on the error checking polynomial that 
is selected. If LRC-8 is chosen, the BCC 
result is stored entirely in BCC upper. The 
BCC lower remains unchanged from pre- 
vious setting. Both BCC registers are used 
when CRC-16 is specified. When CRC-12 is 
selected, the block check character is 12 
bits long. The six least significant bits of the 
BCC are stored in the least significant bits 
of the BCC lower. The remaining upper six 
bits of the BCC are stored in least signifi- 
cant bits of BCC upper. The two most signifi- 
cant bits in each BCC register are filled with 
zero. 



The BCC register(s) are read by the CPU 
after the last data character is transmitted. 
They can then be sent to the R/T to com- 
plete a transmitted block of data. These reg- 
isters are read and loaded when one PGC is 
time-shared by several R/Ts. Refer to Appli- 
cations Information - Multiplexed PGC. 

PGC Addressing 

All internal registers and the character class 
array are selected by the unique address 
codes shown in table 2. 
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ORIENTATION OF BCC POLYNOMIALS 



-^^= Q (X) +-|^, WHERE R (X) = A„Xn + A„ - iXn " 1- + AqXO 

M (X) ■ BINARY POLYNOMIAL (DATA STREAM) 
G (X) FIXED DIVISOR TO GENERATE BCC 
Q (X) ■ QUOTIENT AFTER BCC GENERATION 
R (X) REMAINDER AFTER BCC GENERATION 



AqXO - 



A7X7 



AisXiS 



CRC - 16 = Xl6 + Xl5 + X2 + 1 



I' l Mfl If! 



AqXO - 



AsXS 



l°l°ltl j3 

A6X6— — AiiXl1 



CRC- 12 = Xl2 + Xl1 

+ X3 + X2 + X + 1 



HE 



(DON'T CARE) 



RECEIVED, OR TRANSMITTED CHARACTER BITS (TO BE INCLUDED IN BCC ACCUMULATION) 



PARITY + (7-BIT LRC) 




RECEIVED. OR TRANSMITTED CHARACTER BITS (TO BE INCLUDED IN BCC ACCUMULATION) 



JOEJ-tH 1 2 



as 



4|5|6|7|8|9|l0|ll|l2|l3|l4Jl5r j^iHl6}- 



FEEOBACK DATA 



OPERATION OF BCC REGISTER FOR CRC - 16 BCC 
ACCUMULATION (SIMPLIFIED) 




FEEDBACK DATA | 



OPERATION OF BCC REGISTER FOR LRC BCC 
ACCUMULATION (SIMPLIFIED) 



Figure 3 
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Table 2. ADDRESS CODES 




CEO 


CE1 


A1 


AO 


R/W 


FUNCTION 








X 


X 


X 


Operation not guaranteed 





1 











If MR2 - load data bus Into character register 
lfMR2= 1 PGC not selected 1 





1 








1 


If MR2 = 1 load data bus into character register 
If MR2 = PGC not selected ^ 





1 





1 


X 


PGC not selected^ 





1 


1 





X 


PGC not selected! 





1 


1 


1 


X 


PGC not selected 1 


1 














Read character register 


1 











1 


Load data bus into character register if MR 1.0 
9*= 002; vvrite character class array using CR3, 
CR2 class code if MRI.O = 00^4 


1 








1 





Read Status register 


1 








1 


1 


Write command register 


1 





1 








Read mode register 


1 
1 

1 







1 
1 

1 




1 

1 


1 



1 


Write mode register 
Read BCC upper /lower^ 
Write BCC upper /lower^ 


1 


1 


X 


X 


X 


PGC not selected 1 



NOTES 

1 Data bus is 3-state 

2 Character will not be accumulated unless MRS =■ 1 
3. Character wilt not be accumulated even if MRS " 1 

4 The mode bits MR1 and MRO are cleared to 00 by power-on-reset, master reset, or by 
loading the mode register bits MR1 and MRO 

5 Recirculating internal pointer selects BCC Upper on first access, BCC lower on next 
access for all BCCs except for LRC-8; in case of LRC-8, the pointer only selects BCC 
upper. 



into the character register when in receive 
mode (MR2 = and R/W = 0) while 
CPU /DMA characters are loaded into the 
character register when in transmit mode 
(MR2 = 1 and R/W = 1). The time between 
consecutive chip enables is given by Xq^q 
or tcED- 

The open drain active low interrupt signal 
(INT) goes active whenever one or more of 
four maskable status conditions (SR0-SR3) 
are true (= 1). A status read deactivates 
INT. 

The same techniques used in interfacing the 
2651 PCI to 8-bit microprocessors can be 
used to interface the 2653 PGC (consult Ap- 
plication Note M22). Note that when ad- 
dressing the R/T's holding registers, the 
PGC pins must_have A1 ,A0 = 00 and that the 
address and R/W signals must be stable 
(set up) prior to the active low chip enable. 
When using the 2651 or 26 61 a s the R/T, 
the PGC's A1. AO. R/W, and CEO are direct- 
ly connected to comparable 2651 or 2661 
signals. Schematics of a 2653 monitoring 
data transfers to/from the Signetics 
2651/2661 and 2652 are shown in figures 4 
and 5. 

An alternate interfacing technique is to treat 
the PGC as an independent peripheral de- 
vice. This necessitates a write character 
register instruction after the CPU reads or 
writes a character to or from the R/T. 



1 



INTERFACE SIGNALS AND TIMING 

PGC data transfers are controlled by A1. AO. 
and R/W which must be stable prio r to t he 
active low going chip enable pulse. CEO is 
used for PGC monitoring of data transfers 
betw een a CPU /DMA controller and a R/T; 
CE1 is used for direct CPU-to-PGC trans- 
fers. MR3 must be set prior to loading the 
character register in order to accumulate or 
compare characters via CE1. The active low 
(leading) edge of chip enable initiates a 
PGC read /write cycle; the rising (trailing) 
edge ends the cycle and also serves as a 
write strobe. 

When loading the character, mode, or com- 
mand register, the data bus is strobed into 
the selected register on the trailing (rising) 
edge of the appropriate CE. When writing 
into the character class array, the data on 
the bus (the special character) is placed in 
the class specified by command register 
bits CR3 and CR2. 

Characters are tra nsfer red into the charac- 
ter register when CEO is active (low) de- 
pending on the state of MR2 and the R/W 
input. Characters from the R/T are loaded 



2651 OR 2661/2653 INTERFACE 



txhbY, RxBB?, txfe*«T/DSeH6 



\7 



:> 



~1 VSA O-f 



- TxC 

- RxC 



Figure 4 
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2652/2653 INTERFACE 
TYPICAL PROTOCOLS: BISYNC, DDCMP, SDLC, HDLC 





INTERRUPTS 




TxBE, TxU, RxDA, 


RxSA 














-^ 


; 












CPU 


DB7 - DBO 


265 
MPC 

A2 
A1 
AO 
R/W 


2 
C 
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»> TxD 


N V 


-* RxD 




















^ TxC 














■^ RxC 




























DB7 - DBO 








^ 


fSo 
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2653 
A1 PGC 

R/W 

AO 

CET 






































iFTf 









Figure 5 



PGC PROGRAMMING 

The PGC operational mode must be initially 
programmed by the CPU (see figure 6). The 
mode register, command register and char- 
acter class array should be written into, 
after a power-on-reset or a master reset 
command. The character class array should 
be programmed only for the classes perti- 
nent to the application. After a master reset, 
the character class array is zero which 



places all characters in the normal class 
(included in the BCC accumulation). 

OPERATION 

The PGC should be initially configured by 
the CPU (via CE1) prior to systems oper- 
ation. This is done by loading the mode reg- 
ister, command register and character class 
array (see PGC PROGRAMMING). Charac- 
ters may then be loaded into the character 



register for BCC accumulation, VRC 
generation /checking, BTC/SC and DLE- 
SSC comparisons. See table 3 for a sum- 
mary of BCC accumulation modes. 

BCC accumulation depends on the mode se- 
lected. 

BISYNC Normal 

In BISYNC normal mode, all characters load- 
ed into the character register are accumu- 
lated except those in the SYN/ BISYNC not 
included class. During receive (MR2 = 0), a 
BTC/SC match will cause the BCC accumu- 
lation to stop after the next one (LRC-8) or 
two (CRC-12 or CRC-16) characters have 
been accumulated. At that time, if the BCC 
accumulation does not equal zero, the BCC 
error bit (SRO) will be set and iNT will go 
active if the corresponding mask bit (CR4) is 
enabled (= 1). In transmit (MR2 = 1), the 
BCC accumulation is automatically stopped 
once the BTC/SC character has been accu- 
mulated. The CPU must read the BCC upper 
and BCC lower (CRC-12 or CRC-16) regis- 
ter(s) and transmit them to the R/T. 

Note that the received BCCs are not subject 
to VRC if CRC-16 is selected. If LRC-8 is 
selected, the received BCC is subject to 
VRC. An incorrect result will set the VRC 
error bit (SRI). After its accumulation, the 
least significant 7 bits of BCC upper are 
checked and a non-zero result will set the 
BCC error bit (SRO). BCCs are not checked 
against the character class array nor are 
they compared to the DLE ROM. 

Second search character (SSC) detection 
is enabled so that a DLE-STX or two charac- 
ter communication control sequence can be 
detected. 



Table 3. SUMMARY OF BCC ACCUMULATION MODES 



ACCUMULATION 
MODES 


START 
ACCUMULATION 


STOP 
ACCUMULATION 


CHARACTERS EXCLUDED 
FROM ACCUMULATION 


BISYNC normal and 
BISYNC transparent 


Clear BCC registers command 

Mode register is loaded with 
BISYNC or automatic mode 

Start accumulation command 

Load BCC registers 


After BTC has been detected 
and received BCC is 
accumulated 

After transmitted BTC has been 
accumulated 

Single mode is selected 


SYN/BISYNC not included 
class in normal mode 

DLE-SYN/not included class 
and first DLE of a DLE non SYN 
pair in transparent mode 
These characters are not ex- 
cluded if preceded by an odd 
number of DLEs 


Automatic 


Same as above 


Single mode selected 


None 


Single 


Start accumulation command 


After each character has been 
accumulated 


Up to user who must generate 
start accumulation command 
for each character to be includ- 
ed 
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PGC PROGRAMMING 






f POWER ON J 














MASTER RESET COMMAND 
CR1,CR0= 11 












LOAD COMMAND REGISTER 
WITH CR3, CR2 = 01 
(SYN/NI CLASS) 












WRITE SYN/B1SYNC NOT 
INCLUDED CHARACTERS INTO 
CHARACTER CLASS ARRAY 














LOAD COMMAND REGISTER 
WITH CR3, CR2 = 10 
(BTC/SC CLASS) 














WRITE BTC/SC CHARACTERS 
INTO CHARACTER CLASS 
ARRAY 






1 






LOAD COMMAND REGISTER 
WITH CR3, CR2 = 1 1 
(SSC CLASS) 












WRITE SSC CHARACTERS 
INTO CHARACTER CLASS 
ARRAY 












LOAD MODE REGISTER 
WITH MR1, MRO = 01, 10, or 1 1 
(FOR SELECTED BCC 
POLYNOMIAL) 








. 






f OPERATE j 






Figure 6 





BISYNC Transparent 

BISYNC transparent mode should be used 
for data blocks beginning with DLE-STX if 
the DLEs are transferred b etwee n CPU and 
R/T (CEO) or CPU and PGC (CET), i.e., DLEs 
are not stripped. VRC should be disabled in 
this mode. Characters excluded from the 
BCC accumulation are the first DLE of a 
DLE-non SYN sequence pair and the DLE- 
SYN sequence if not preceded by an odd 
number of DLEs. For example, consider the 
following transparent mode character string: 



DLE SYN 



In receive and transmit modes, the termina- 
tion of BCC accumulation works exactly as 
in BISYNC normal, except that the BTC/SC 
must be immediately preceded by an odd 
number of DLEs to be identified as a 
BTC/SC. 

Second search character detection is not 
enabled in BISYNC transparent. 

After a BTC/SC class character is detected 
by the PGC when receiving in either BISYNC 
mode, the following one or two characters 



ETX 



/ \ 



1 ! 



include exclude include exclude exclude include 

both both 



are accumulated (depending on LRC-8 or 
CRC-12/ 16, respectively) and the PGC will 
automatically stop further accumulation. 
However, the PGC can continue the 
accumulation if a start accumulate com- 
mand is issued or either BISYNC mode is 
loaded into the mode register. The start ac- 
cumulate command should be given to the 
PGC before loading the character that fol- 
lows the detected BTC/SC. This procedure 
enables a special search character to be 
detected (the BTC/SC detect bit (SR2) will 
be set and an interrupt generated if CR6 = 
1) with the BCC accumulation continuing 
(see figures 7 and 8). 

Automatic Accumulate 

All characters loaded into the character 
register are accumulated, BTC/SC and SSC 
detection is enabled. The BCC accumulation 
is not automatically terminated. (The CPU 
must use single accumulate mode to stop 
the accumulation). When in receive mode, 
the BCC error bit (SRO) is set /reset after 
accumulating each character so that the 
CPU must examine this bit after the last 
character is accumulated. SRO = if the 
accumulated remainder in the BCC regis- 
ter(s) is zero; otherwise SRO = 1. Examples 
of use of automatic accumulate mode usage 
include an R/T (2651/2661) in transparent 
DLE/SYN strip mode and asynchro- 
nous/synchronous/parallel DDCMP. 

Single Accumulate 

All characters for which a start accumulate 
command (CR1, CRO = 01) is given are ac- 
cumulated and compared against the char- 
acter class array. If not given, the BCC ac- 
cumulation is not updated and BTC/SC and 
SSC detection is disabled. Operation in this 
mode is otherwise identical to automatic ac- 
cumulate. 

Single accumulate mode can be used to se- 
lectively accumulate characters under CPU 
control or to accumulate characters that 
were unintentionally excluded in one of the 
other modes. 

Polynomial Selection and DLE 
Comparison 

The BCC polynomial may be CRC-16, CRC- 
12 or LRC-8. The cyclic redundancy check 
(CRC) is generated by dividing the binary 
value of a character in the character regis- 
ter by the selected polynomial. The quotient 
is discarded and the remainder is used as 
the BCC (two 6-bit characters for CRC-12, 
two 8-bit characters for CRC-16). CRC-16 
uses all 8 bits of each BCC register. CRC-12 
uses the least significant 6 bit§ of the BCC 
registers. The two most significant bits of 
the BCC registers are cleared to zero when- 
ever CRC-12 is selected (see figure 3). 
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EXAMPLES - BISYNC TEXT MESSAGE BCC ACCUMULATION 



SHADED AREAS ACCUMULATED 
Rx = RECEIVE MODE 
NO DLE/SYN STRIPPING 



CHARACTER CLASS ARRAY 
SYN/BISYNC NOT INCLUDED SYN, SDH 
BTC/SC ETX, ETB, ITS, ENQ 
SSC STX 



CRC - 16 OR CRC - 



I 



ETX! 



I BCCi BCci P 



SET BISYNC 
NORMAL MODE 
(ALL EXAMPLES) 



BCC ERROR (Rx) IF 
ACCUMULATION ?^ 
ACCUMULATION STOPPED 
AFTER 2ND BCC NO 
PARITY CHECK ON BCCS 



^^I 



^1°]. ■'■I... .^.^IL..! p*p I 



CPU RESETS BCC 
REGISTERS AFTER 
SOFTWARE DETECT 
OF STX THIS 
EFFECTIVELY 
EXCLUDES STX 



BCC ERROR (Rx) IF 7 LS BITS 
OF BCCu ^ VRC ERROR IF 
MS BIT IS INCORRECT PARITY 
ACCUMULATION STOPPED AFTER 
1BCC 



SYN SYN SOH 






BCC BCC{ SYN SYN 



[j^^a-i 



OPTIONAL SSC 

DETECT 
SET BISYNC 
TRANSPARENT 



I ( 



POSSIBLE BCC ERROR 

(IF SO RESET BCC 

REGISTERS) 

RESET BCC REGISTERS OR 

SET BISYNC NORMAL 



SYN SYN SOH 



•« DLE STX I iWi^iW-i^w ENQ ETB ITB ETX 



I DLE I DLE I SYN I DLE SYN DLE I ETX I BCC t BCC i PAD I 



I * 



DETECT 
SET BISYNC 
TRANSPARENT 
MODE 



i OLE -STX iMi»w»«i)^wi»><^*MC4«J SYN SYN I 



: I DLE I ITB | DLE f ITB IbCC i BCC {STX Imtmtf ETX i BCC i BCC I PAD I 



i i 



SET BISYNC 
TRANSPARENT AND 
RESET BCC REGISTERS 

NOTES 

1. BCC error only ior receive mode In transmit mode, CPU must respond to BTC detect by 
reading the BCC register(s) and sending them to the R/T The accumulation is stopped 
after the BTC is accumulated 

2. ENQ (DLE-ENQ) m a text message should be treated as an abort 

3. Opening SYNs may be stripped by the R/T 

4 The single accumulate mode and command can be used to accumulate a character that 
inadvertently was excluded (For example, the DLE of a DLE-STX if the PGC was in 
transparent mode and there was n ot a line turnaround prior to the DLE) The single 
accumulation should be done using CE1 after the BCC(s) have been accumulated 



RESET BCC 
REGISTERS 
(IF BCC ERROR) 
AND SET BISYNC 
NORMAL 



Figure 7 



1-42 



Signetics 



MICROPROCESSOR DIVISION 



JANUARY 1982 



POLYNOMIAL GENERATOR CHECKER (PGC) 



SC2653 



1 

2 
3 

4 

5 

N< 
1 

2 


EXAMPLES - 

BTC/SC EOT, NAK 

SSC ACKO, ACK1, WACK, RVI 

STOPS BCC ACCUMULATION 


BISYNC CONTR( 


DL MESSAGES 

CONTROL STATION POLL 
OR SELECTION OF A 
TRIBUTARY STATION 

RECEIVE OR POSITIVE ACKNOWLEDGMENT 
OF EVEN NUMBERED TEXT BLOCK 

TRIBUTARY STATION NOT READY TO 
RECEIVE OR NEGATIVE ACKNOWLEDGMENT 
OF TEXT BLOCK 

TRIBUTARY STATION TEMPORARILY 
NOT READY TO RECEIVE 

REVERSE INTERRUPT FROM RECEIVING 
STATION TO REQUEST TERMINATION 

BECAUSE THE RECEIVER WANTS TO 
TRANSMIT 

can be effected by 
lent of the second 


1 SYN 


SYN 


1 EOT 1 PAD 1 SYN SYN 1 « " " 1 ^NQ 


i 

BTC/SC 
DETECT 

a REPRESENTS A UNIQUE POLLING OR SELE( 


* 

BTC/SC 
DETECT 

:TI0N ADDRESS 

control messages This 
d be the binary equiva 

Figure 8 


1 SYN 


SYN 


1 ACK 1 






SSC 
DETECT 




1- 


SYN 


1 NAK 1 PAD 1 






BTC/SC 
DETECT 


1 SYN 


SYN 


1 WACK 








\ 

SSC 
DETECT 


for 
eac 
houl 


1 SYN 


SYN 


1 . 


SSC 
DETECT 

DIES 

BCC accumulation should be ignored 
single accumulate mode without sing 
Characters programmed as SSCs s 
character of the OLE-SSC sequence 



When the PGC is In receive mode (MR2 = 
0), the received BCC will be accumulated. 
The result will be zero for an error free mes- 
sage. 

CRC-12 Is used with 6-blt codes. The Inter- 
nal 6-blt transcode DLE character hex 1F Is 
selected by CRC-12. VRC should be dis- 
abled (MR4 = 0) for CRC-12 operation. The 
two most significant bits of the character 
register are Ignored when compared to the 
Internal 6-bit DLE. When the character is 
checked against the character class array, 
the MSB Is Ignored and the next MSB (bit 6) 
is assumed to be zero. If CRC-12 is speci- 
fied, the user must write to the character 
class array with bit 6 cleared. 

CRC-16 or LRC-8 implies the use of ASCII or 
EBCDIC although any 7-bit plus parity or 8- 
blt no parity code may be used (with DLE = 
hex 10 or hex 90). The DLE character com- 
pare is on an 8-bit basis with the generated 
parity (If VRC is enabled) as the MSB. When 



the character is compared against the char- 
acter class array, the MSB is not used. This 
may result In a false BTC or SSC detection if 
there is a VRC error. However, the VRC er- 
ror bit (SRI) will be set under that condition. 

The LRC-8 Is generated by the exclusive OR 
of the 7 least significant bits of the charac- 
ter register and the BCC upper. The most 
significant bit of the LRC-8 clieck character 
Is a vertical odd /even parity bit (MRS = 
0/1), which is generated on the least signifi- 
cant bits of that character. The selection of 
LRC-8 Implies VRC is enabled and that only 
the BCC upper Is used for the BCC accumu- 
lation. The BCC lower remains unchanged 
from previous setting. 

VRC Generation and Detection 

Parity (VRC) is enabled by MR4 and speci- 
fied as odd or even by MRS. VRC should be 
disabled when In BISYNC transparent mode 
and whenever CRC-12 or CRC-16 (EBCDIC) 



Is selected as the BCC polynomial. MR4 - 1 
enables VRC generation and detection for 
both receive and transmit operations. Char- 
acters loaded Into the character register will 
have VRC generated on the least significant 
7 bits with the generated parity bit written 
into the character register MSB. If the gen- 
erated parity does not match the MSB of the 
loaded character, the VRC error bit (SRI) is 
set and INT asserted if the corresponding 
mask bit was enabled (CRS = 1). Thus, if 7- 
bit characters are to be transmitted with 
VRC, CRS should be zero and SRI ignored. 
8-bit characters with a VRC bit In the MSB 
position are parity checked by the PGC in 
both transmit (to R/T) and receive (from 
R/T) modes, i.e., the PGC operates as a 
data bus parity checker. 

CHARACTER CLASSES 

Normal (Included in the 
Accumulation) 

Any character that belongs to this class is 
normal data, i.e., the character Is not a com- 
munication control or other special charac- 
ter. Characters In this class are always ac- 
cumulated in BISYNC, automatic and single 
accumulation modes. 

SYN Character/BISYNC Not 
Included 

SYN characters are never accumulated In 
BISYNC normal accumulation mode. In 
BISYNC transparent accumulation mode, 
the DLE-SYN character pair is not accumu- 
lated, but a SYN not preceded by a DLE is 
accumulated. (DLE is Implied as an odd 
number of DLEs). 

Block Terminating Character 
(BTC)/Search Character (SC) 

BTC/SC characters have two functions in 
the PGC: termination of BCC accumulation 
and character detection. In BISYNC trans- 
parent mode, a BTC/SC must be preceded 
by an odd number of DLEs to be recognized. 

• Termination of BCC 
Accumulation 

In BISYNC normal and transparent accu- 
mulation modes, the PGC will stop the ac- 
cumulation upon the detection of the 
BTC/SC character. Examples of BTCs 
are ETX, ETB, ITB, ENQ. 

In receive mode, the accumulation is 
stopped after the following one (LRC-8) 
or two (CRC-12, CRC-16) character(s) 
have been accumulated. In transmit 
mode, the accumulation Is stopped after 
the BTC/SC character has been accumu- 
lated. The BTC/SC character Is always 
accumulated In all of the accumulation 
modes. 
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Character Detection 

BTC/SC characters will be detected In 
any of the four accumulation modes when 
that character is being accumulated. The 
BTC/SC status bit (SR2) is set on detec- 
tion. Since detection also stops BISYNC 
BCC accumulation, the BISYNC accumu- 
lation must be restarted if the character is 
not a BTC. This can be effected by load- 
ing BISYNC mode into the mode register 
or generating a start accumulation com- 
mand. 



Second Search Character 
Class (SSC) 

Control functions in character oriented data 
link control procedures can be represented 
by a sequence of two characters, the first 
character being a OLE. Examples include 
ACKO, ACKI, WACK, RVI, DISC, WBT and 
the initiation of transparent text (DLE-STX). 
The PGC will detect such sequences, ex- 
cept in BISYNC transparent mode, when an 
SSC class character is being accumulated 
after being immediately preceded by an odd 



number of DLEs. Under those conditions, the 
SSC status bit (SR3) will be set. 

The SSC character is always accumulated 
in all of the accumulation modes. 

REGISTER BIT DESCRIPTION 

The operation of the PGC is determined by 
programming the mode register and the 
command register. The status register pro- 
vides feedback on potential interrupt condi- 
tions. Formats of these registers are shown 
in table 4. 



Table 4. PGC REGISTER BIT FORMATS 



ACCUMULATION MODES 

00 SINGLE 

01 AUTOMATIC 

10 BISYNC NORMAL 

11 BISYNC TRANSPARENT 



ODD/EVEN PARITY - 

OODO 

1 EVEN 



- BCC POLYNOMIAL 

00 START UP MODE 

01 CRC - 16 
10CRC- 12 
11LRC-8 



- RECEIVE/TRANSMIT 

RECEIVE 

1 TRANSMIT 



' ENABLE ACCUMULATION 
WITH CE1 
(= 1) 



MODE REGISTER 



SECOND SEARCH 

CHARACTER DETECT 
INTERRUPT 
ENABLE = 1 



BTC/SC DETECT - 



VRC ERROR 
INTERRUPT 
ENABLE = 1 



- ONE-TIME COMMANDS 

00 NOP 

01 START ACCUMULATION 
10 CLEAR BCC REGISTER 



' CHARACTER CLASS 

00 NORMAL CLASS 

01 SYN/NI CLASS 
10 BTC/SC CLASS 



COMMAND REGISTER 



■ BTC/SC DETECT 



STATUS REGISTER 
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Table 5. BCC ACCUMULATION BY CHARACTER CLASS 












BISYNC 


BISYNC 


AUTOMATIC 


SINGLE 


CR3 CR2 


CLASS 


NORMAL 


TRANSPARENT 


ACCUM 


ACCUM 





Normal 


Yes 


Yes 


Yes 


Yes 


1 


SYN/ BISYNC 
not Included 


No 


Yes, unless preceded by 
an odd number of DLEs 


Yes 


Yes 


1 


BTC/SC 


Yes 


Yes 


Yes 


Yes 


1 1 


SSC* 


Yes 


Yes 


Yes 


Yes 



NOTE 

'Preceded by OLE 

Mode Register 

The mode register defines general PGC op- 
eration characteristics. MR1 and MRO = 00 
permit the character class array to be pro- 
grammed. These bits will be zero after a 
power on or master reset command. After 
the character class array is programmed, 
these bits should be set to 01, 10, or 1 1 to 
select the CRC-16, CRC-12 or LRC-8 poly- 
nomials. 

MR2 (Tx/Rx) determines whether or not the 
PGC Is to generate (Tx) or generate and 
check (Rx) the BCC. It Is used with R/W to 
determine If the data bus is to be loaded into 
the character register when CEO, CE1, A1, 
AO = 0100. 

If MR2 = 1: 1) the PGC will generate the 
BCC, but will never set the BCC err or bit 
(SRO). 2) If the R/W pin is high when CEO, 
CE1. A1. AO = 0100. then the data bus^wlll 
be loaded Into the character register. If R/W 
is low under these conditions, the PGC is not 
selected. 

If MR2 = 0: 1) the PGC will accumulate the 
BCC and set the BCC error bit (SRO) when 
appropria te. 2) If the R/W pin Is low when 
CEO, CE1, A1, AO = 0100, then the data bus 
will be loaded Into the character register. If 
R/W Is high under these conditions, the 
PGC is not selected. 

MR3 Is a CE1 accumulate /compare enable 
bit. If MR3 = 0, char acters loaded into the 
character register by CE1 are not accumu- 
lated, checked against the character class 
array, or compared to the DIE ROM. Parity 
will be generated and checked if VRC is en- 
abled (MR4 = 1). The primary use of MRS = 
Is to generate parity on a 7-blt character 
which is to be transmitted to an R/T. The 
CPU loads the character register with the 7- 
blt character and reads the 8-blt VRC gener- 
ated character via CE1. This 8-bit character 
Is then transferred to the R/T via CEO. An- 
other application of MR3 = Is for a CPU to 
interleave parity checking on memory data 
(CE1) with on line R/T data transfers (CEO). 

If MR3 = 1 , characters loaded Into the char- 
acter register by CE1 will be accumulated 
(according to the BCC accumulation mode 
selected) and compared against the char- 



acter class array and DLE ROM. This bit 
setting should be used when the CPU /DMA 
controller sends data characters to be ac- 
cumulated or compared to the PGC and the 
R/T is inactive (off line), if the R/T were 
active, then a DLE or BTC loaded into the 
character register via CEO would cause in- 
correct accumulation and character com- 
parisons If the next character was loaded 
vlaCEI. 

MR4 Is a VRC enable bit. If MR4 = 1 , VRC is 
enabled as odd /even by MRS. VRC is gen- 
erated on the 7 LS bits of the character and 
the MS bit is checked against the generated 
parity. If not equal, SRI Is set. If MR4 ~ 0, 
VRC is not enabled. MR4 - is used for 
BISYNC transparent mode with ASCII code, 
and for both BISYNC modes for EBCDIC and 
SBT. 

MRS is an odd/even VRC bit. If MR5= 1, the 
total number of 1 bits in the character In- 
cluding the parity bit is even. If MR5= 0, the 
total number of bits is odd. This bit is 
ignored If MR4 = 0. 

MR7, MR6 select the BCC accumulation 
mode. These modes have been previously 
discussed in the operation section. 

Command Register 

The command register contains four inter- 
rupt enables, a 2-blt character class code 
used when programming the character class 
array, and 2 bits that specify three one time 
commands and a NOP. 

CR1, CRO = 00 is a NOP. This bit setting Is 
used when changing CR7-CR2 without af- 
fecting any of the 3 one time commands. 

CR1. CRO - 01 is a start BCC accumulation 
command. In single accumulation mode, the 



character accumulated is the character that 
is in the character register at the time the 
command is given. The accumulation stops 
immediately after the character has been 
accumulated. If the command is given in ei- 
ther of the BISYNC or automatic accumula- 
tion modes, It enables the PGC to accumu- 
late the BCC starting with the next character 
loaded into the character register. This is a 
means of restarting a BISYNC normal accu- 
mulation after detection of a BTC/SC that is 
not a valid BTC (example; CR. LP, TAB). In 
all accumulation modes, a previously de- 
tected DLE will not be cancelled by this 
command. 

CR1, CRO = 10 Is a clear BCC registers 
command. Both BCC registers are cleared 
along with the associated internal pointer 
and SR0-SR3. The pointer points to BCC up- 
per. INT is forced high. This command per- 
mits BCC accumulation, starting with the 
next character loaded Into the character 
register in BISYNC or auto modes. Single 
accumulate mode requires a start BCC ac- 
cumulation command. 

CR1. CRO ^ 1 1 is a master reset command. 
All Internal registers (except the character 
register), the internal pointer, and the entire 
character class array are cleared. INT is 
forced high. 

CR3 and CR2 are used for programming the 
character class array. During a write char- 
acter class array instruction, the character 
corresponding to the 7 LS bits of the data 
bus is placed in the class contained in CR3 
and CR2. The encoded character classes 
control the accumulation of the associated 
character as shown in table 5. 

Detection operates under the conditions 
shown in table 6. 



Table 6. BTC/SC AND SSC DETECTION CONDITIONS 



CLASS 


BISYNC 
NORMAL 


BISYNC 
TRANSPAR- 
ENT 


AUTO 
ACCUM 


SINGLE 
ACCUM 


BTC/SC 
SSC 


Yes 
Yes* 


Yes* 
No 


Yes 
Yes* 


Yes t 
Yes*t 



NOTES 

* Only if immediately preceded by an odd number of DLEs 

t Start accumulate command necessary for detection 
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CR7, CR6, CR5, CR4 are interrupt enables 
that individually enable /disable INT when 
the corresponding status register condition 
is true (set). Each bit is set in order to en- 
able iNT upon the condition. Each bit is reset 
to disable iNT upon the condition. The state 
of these bits may be read via the status 
register (SR7, SR6, SR5, SR4). 

The corresponding status bits (SR3, SR2, 
SR1, SRO) are set independent of the inter- 
rupt enables. The bit assignments are: 

CR4 - BOG error interrupt enable 

CR5 - VRC error interrupt enable 

CR6 - BTC/SC detect interrupt enable 

CR7 - DLE-SSC detect interrupt enable 

Status Register 

This register reflects the status of the 4 con- 
ditions that are potential interrupt (iNT) 
sources and the 4 interrupt enables in the 
command register. A status register read 
clears SRO, SRI, SR2, SR3 and deactivates 
INT. These bits are also cleared by a master 
reset or clear BOG command. 

SRO is a BGG error bit. This bit can only be 
set in receive mode (MR2 = 0). In BISYNG 
normal and BISYNG transparent modes, SRO 
will be set /reset once the accumulation has 
been stopped by the detection of the 
BTG/SC character and accumulation of the 
BGG(s). 

In automatic and single accumulate modes. 
SRO is set /reset after each character in the 
character register has been accumulated. 

The rules for the detection of a BGG error 
are: 

SRO = 1 LRG-8: 7 least significant bits 

of BGG upper # 

GRG-12, GRG-16: BGG upper 

or BGG lower ¥' 

SRO = LRG-8: 7 least significant bits 
of BGG upper = 
CRG-12, GRG-16: BGG upper 
a/7flf BGG lower = 

SRI is a VRG error bit. When set, this bit 
reports a character parity error (on receive 
or transmit) when parity is enabled (MR4 = 
1). Parity is odd/even as specified by MRS. 
The parity bit will be regenerated in the 
character register. 

SR2 is a BTG/SG detect bit. When set, this 
bit indicates the character being accumulat- 
ed is of the BTC/SG class for BISYNG nor- 
mal, automatic and single accumulate 
modes. In BISYNG transparent mode, the 
BTC/SG character being accumulated must 
be immediately preceded by an odd number 
of DLEs for this bit to be set. 

SR3 is a DLE SSG detect bit. This bit can 



only be set when In BISYNG normal, auto, or 
single accumulate modes. When set, it indi- 
cates that the character being accumulated 
is of the SSG class when that character was 
immediately preceded by an odd number of 
DLEs. 

SR7, SR6, SR5, SR4 are interrupt enables. 
These 4 bits reflect the state of the inter- 
rupt enable command bits CR7, CR6, GR5, 
and CR4, as follows: 

SR4 - BGG error 

SR5 - VRG error 

SR6 - BTG/SG detect 

SR7 - SSG detect 

APPLICATIONS INFORMATION 
Dedicated PGC 

The most efficient use of the 2653 is to dedi- 
cate one to each R/T for two way alternate 
(half duplex) operation or two to each R/T 
for two way simultaneous (full duplex) oper- 
ation (see figure 9). T he GPU configures 
each PGG (using GE1) by initializing the 
mode register, command register, and char- 
acter class array. Data transfers to or from 
the R/T can then be on a DMA basis with 
each receiver holding register ready signal 
used as a read request (RREQ) and each 
transmit holding register available signal 
used as a write request (WREQ) to the DMA 
controller. The GPU needs only to respond 
to enabled Interrupts from each of the PGGs. 
The individual INT outputs can be wire-OR'd 
into a single GPU interrupt (INTRPT) with one 
pull up resistor. Each PGG in this system has 
a unique address that is decoded into the 
respective chip enables. 
The GPU or DMA controller could send a 
block of memory data to the PGG to be error 
checked without sending that data to the 
R/T. In that case, GE1 is used. 

Multiplexed PGC 

One PGG may be time-shared among a few 
R/Ts if the GPU saves and restores the 
mode register and partial BGG result in the 



BGG regist ers. These registers are 
accessed via GE1. There must be a sepa- 
rate save area for each R/T (serial channel) 
and a channel pointer indicating the last R/T 
that transferred or received a data charac- 
ter (see figure 10). 

The loading of the BGG registers will clear 
SR0-SR3 and all previously detected spe- 
cial characters, i.e., DLE, BTG/SG, BGG 
(BISYNG modes). The BGG accumulation 
will start again when the next character is 
loaded into the character register in all ac- 
cumulation modes except single. That mode 
requires a start accumulation command. 

Figures 1 1 and 1 2 represent software flow 
diagrams for transmit and receive service 
requests. Note that interrupts from all other 
R/Ts must be masked during a read or write 
to the BGG registers so as not to affect the 
internal BGG address pointer. It is recom- 
mended that all R/T interrupts be masked 
while servicing an interrupt that accesses 
any PGG register. 

BISYNC Operation 

Table 7 is a concise listing of 2651/2661 
operating modes with recommended corre- 
sponding 2653 BGG accumulation modes. 

Character Comparator 

The PGG can be used as a programmable 
data bus character comparator which moni- 
tors data bus transfers (GPU^peripherai, 
GPU*->GPU, GPU«-»memory, memory*-»peri- 
pheral (via DMA)). The user selectively 
loads the character class array with 
BTG/SG and SSG characters to be com- 
pared. Status bits will be set and an interrupt 
can be generated upon SG and DLE - SSG 
detection. A match on one to 128 different 
characters or DLE - SSG sequences can be 
programmed. 

Figure 13 depicts an arrangement where the 
DMA controller or slave GPU handles data 
bus transfers, the PGG interrogates the data 
bus, and the host GPU responds to PGG 
interrupts. 



Table 7. BISYNC (ANSI 3.28, IS0 1745) Modes for 2651/2661 and 2653 



2651/2661 
OPERATING MODES 


2653 
BCC ACCUMULATION MODE 


Sync normal non-strip 


BISYNG normal 


Sync transparent non-strip 


BISYNG transparent 


Normal SYN/ DLE strip 1 


BISYNG normal 


Transparent SYN/DLE strip i 


Automatic accumulate^ 


Async (with SYN/DLE 
characters) 


BISYNG normal 



NOTES 

1 CPU should switch to non-strip mode after BTC detect Otherwise a received BOG 
could be inadvertently stripped 

2 SSC detect should be ignored. 
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c 



ONE PGC PER RECEIVER /TRANSMITTER 



77 



i^ 



ADVANTAGES 

• HIGHER THROUGHPUT WITH DMA 

• NO SOFTWARE OVERHEAD FOR 
MULTIPLEXING 



R/Ts USE DEDICATED PGCs TO GENERATE 
AND DETECT BOTH VRC, LRC, CRC AND 
SPECIAL CHARACTERS 



ADDR 

CE 

R/W 



:_r 



77 



iz. 



DATA, CONTROL, ADDRESS 



Figure 9 






E 






CeT 



> 



ITS 



c^^^ 



^ 



WREQa 
RREQa 



■ WREQb 
RREQb 



IT 



WREQc 
•- RREQc 



1 



c 



PGC SERVICES MULTIPLE RECEIVERS/TRANSMITTERS 



/\ 



J<Z_ 



ADDRESS, DATA, R/W, SeO 



ONE PGC IS TIME-SHARED BY THREE R/Ts 

THE CPU READS AND RESTORES THE PARTIAL BCC 

REMAINDER FOR EACH SERIAL CHANNEL 



I j ADDRESS 
] DATA 



<=> 



<=^ 



N^ 1/^ REC/XI 



TTi r 

AC 

.V V 



Figure 10 
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MULTIPLEXED PGC - TRANSMIT TO R/T 

Tx HOLDING REGISTER AVAILABLE 
CHANNEL 1 






^y^ 's ^s^^ NO 

y CHANNEL ^^ 


READ BCCu.l AND STORE IN BCC 

SAVE AREA SPECIFIED BY CHANNEL 

POINTER 

READ MODE REGISTER AND STORE 

IN SAVE AREA 




CHANNEL 1 
BCC AND MODE 
DATA 
^BCCu,i 
AND 
MODE REGISTER 




>w POINT 


•X 




YES 












1 i -CHANNEL 1^ 






1 "^-^ 1 


















LOAD CHARACTER INTO 
R/T AND PGC VIA CIO 






J 






1 READ PGC STATUS j 
1 REGISTER 1 












CHECK STATUS BITS 
AND PROCEED AS 
REQUIRED 










Figure 1 1 













MULTIPLEXED PGC - RECEIVE FROM R/T 

Rx HOLDING REGISTER READY 
CHANNEL J 






^ CHANNEL Xw "O 


READ BCCu.l AND STORE IN BCC SAVE 
AREA SPECIFIED BY CHANNEL POINTER 
READ MODE REGISTER AND STORE IN 
SAVE AREA 




%^^^^ POINT 


ER = J ^ 


YES 












CHANNEL j BCC AND MODE DATA BCCu.l 
AND MODE REGISTER 














1 j- CHANNEL POINTER | 














1 




READ CHARACTER 
FROM R/T AND LOAD 

INTO PGC VIA Ceo 
















BEAD PGC STATUS REGISTER | 
















CHECK STATUS BITS AND 
PROCEED AS REQUIRED 








F 


gure 12 
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PGC DATA BUS MONITORING WITH DMA TRANSFERS 








INT 
















AO, A1,R/W 




err 


PGC 






























DEVICE 










_ 












CPU 










DATA BUS 


V 




/ 
















SLAVE CPU 




APPLICATIONS INCLUDE CHARACTER ARRAY 
COMPARISONS, VRC AND/OR BCC CHECKS 
ON THE DATA BUS 








Ceo 










R/W MEMORY 














MA, 
MC 




DMA* 
CONTROLLER 








CEO 


NOTE 






•CPU initializes DMA controller for each block transfer of data 


















Figur 


9 13 









1 



ABSOLUTE MAXIMUM RATINGS^ 



PARAMETER 


RATING 


UNIT 


Operating ambient temperature2 

Storage temperature 

All voltages with respect to ground^ 


to +70 
-65 to +150 
-0.5 to +6.0 


°C 

°c 

V 



NOTES 

1 Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device This is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in the operation sections of 
this specification is not implied 

2 For operating at elevated temperatures the device must be derated based on +150°C 
maximum junction temperature and thermal resistance of 80°C/W junction to ambient 
(ceramic package) or tST^C/W (plastic package) 

3 This product includes circuitry specifically designed for the protection of its internal 
devices from the damaging effects of excessive static charge However, it is suggest- 
ed that conventional precautions be taken to avoid applying any voltages larger than 
the rated n 
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DC ELECTRICAL CHARACTERISTICS Ta = o^'C to zo^C. Vqc = 5.0V ± 5% 










PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Input voltage 
V|L Low 
V,H High 




2.0 




0.8 


V 


Output voltage 
Vol Low 
VoH High 


lOL = 2.2mA 
lOH = -400mA 


2.4 


0.25 
2.8 


0.45 


V 


\\l Input load current 


V|N = to 6.5V 






10 


M 


Output leakage current 
Ild Data bus 
IlO Open drain 


VoUT = 4.0V 
VoUT = 4.0V 






10 
10 


HA 


Ice Power supply current 






45 


75 


mA 



AC CHARACTERISTICS Ta - o" to +70*c, Vqc - 5V ± 5%i 


2,3 






PARAMETER 


LIMITS 


UNIT 


Min 


Max 


tQE Chip enable pulse width 


250 




ns 


tcED Chip enable period D 


1750 




ns 


tcEC^ Chip enable period C 


1750 




ns 


tAS Address setup 


10 




ns 


tAH Address hold 


10 




ns 


tea Control setup 


10 




ns 


tcH Control hold 


10 




ns 


tps^ Data setup 


150 




ns 


tpH Data hold 


10 




ns 


tpD® Data delay time for read 




200 


ns 


tpF® Data bus floating time for read 




100 


ns 


*INTL^ Interrupt low delay 




1600 


ns 


*INTH^ Interrupt high delay 




600 


ns 



NOTES 

1. Parameters are valid over operating temperature range unless otherwise specified. 

2 All voltage measurements are referenced to ground. All time measurements are at 50% 
level for inputs and at the 8V or 2 OV level for outputs Input levels for testing are 
45V and 2 4V 

3 Typical values are at +25''C, typical supply voltages and typical processing param- 
eters 

4 tQ£Q = 600ns during PGC initialization when no BCC accumulation is in progress 

5 ^DS ~ ^^"^ whenever CEO is used 

6 Test conditions: €(_ = 150 pF 

7 iFTT IS an open dram output 
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PGC TIMING 



J 



D0-D7 
(WRITE) 



00-D7 
(READ) 



Mtc 

U 1 



"ZX 



■\ 



1. 






— »|tA! 



3" ^lE 

tnH I 



NOT VALID DATA 



^^•°''-n hd 



BUS FLOATING 



X 



r 



\ 



IDC 
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Figure 14 
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DESCRIPTION 

The Signetics 2661 EPCI is a universal 
synchronous /asynchronous data communi- 
cations controller chip that is an enhanced 
pin compatible version of the 2651. It inter- 
faces directly to most 8-bit microprocessors 
and may be used in a polled or interrupt 
driven system environment. The 2661 ac- 
cepts programmed instructions from the 
microprocessor while supporting many 
serial data communications disciplines- 
synchronous and asynchronous — in the full 
or half-duplex mode. Special support for 
BISYNC IS provided. 

The EPCI serializes parallel data characters 
received from the microprocessor for trans- 
mission. Simultaneously, it can receive 
serial data and convert it into parallel data 
characters for input to the microcomputer. 

The 2661 contains a baud rate generator 
which can be programmed to either accept an 
external clocl< or to generate internal transmit 
or receive clocks. Sixteen different baud rates 
can be selected under program control when 
operating in the internal clock mode. Each 
version of the EPCI (A, B, C) has a different set 
of baud rates. 

The EPCI is constructed using Signetics 
n-channel silicon gate depletion load tech- 
nology and is packaged in a 28-pin DIP. 



FEATURES 

• Synchronous operation 

5 to 8-bit characters plus parity 
Single or double SYN operation 
Internal or external character 

synchronization 

Transparent or non-transparent mode 
Transparent mode DLE stuffing (Tx) 

and detection (Rx) 
Automatic SYN or DLE-SYN insertion 
SYN, DLE and DLE-SYN stripping 
Odd, even, or no parity 
Local or remote maintenance loop back 

mode 
Baud rate: dc to 1M bps (IX clock) 

• Asynchronous operation 

5 to S-bit characters plus parity 
1, iy2 or 2 stop bits transmitted 
Odd, even, or no parity 
Parity, overrun and framing error 

detection 

Line break detection and generation 
False start bit detection 
Automatic serial echo mode (echoplex) 
Local or remote maintenance loop back 

mode 

Baud rate: dc to 1M bps (IX clock) 
dc to 62.5K bps (16X clock) 
dc to 15.625K bps (64X clock) 



OTHER FEATURES 

• Internal or external baud rate clock 

• 3 baud rate sets 

• 16 internal rates for each set 

• Double buffered transmitter and 

receiver 

• Dynamic character length switching 

• Full or half duplex operation 

• Fully compatible with 2650 CPU 

• TTL compatible inputs and outputs 

• RxC and TxC pins are short circuit pro- 

tected 

• 3 open drain MOS outputs can be wire- 

ORed 

• Single 5V power supply 

• No system clock required 

• 28-pin dual in-line package 

APPLICATIONS 

• Intelligent terminals 

• Network processors 

• Front end processors 

• Remote data concentrators 

• Computer to computer links 

• Serial peripherals 

• BISYNC adaptors 

ORDERING CODE 



PIN CONFIGURATION 









02 \T 


!1]di 


Dad 




HI Do 


RxD \T 




26] Vcc 


GND [T 




25] PiiC/BKDET 


D4 [T 




jTj'DTR' 


D5 [T 




lU RTS 


06 CE 




1] DSR 


D7 U 




2l] RESET 


TxC/XSYNC |T 




20l BRCLK 


Al [l£ 




jU TxD 


ceQT 




Is] TxEMT/DSCHG 


Ao [H 




jT] CTS 


Pi/w [l3 




lei DCD 


RxRDY [m 


]?] TxRDY 




TOP VIEW 





PACKAGES 


COMMERCIAL RANGES 
Vcc = 5V ±5%, Ta = OX to 70°C 


Ceramic DIP 


SC2661ACSI28 

SC2661 BCSI28 See table 1 for baud rates 

SC2661CCSI28 


Plastic DIP 


SC2661ACSN28 

SC2661BCSN28 See table 1 for baud rates 

SC2661CCSN28 



PIN DESIGNATION 



PIN NO. 


SYMBOL 


NAME AND FUNCTION 


TYPE 


27,28,1, 








2,5-8 


D0-D7 


8-bit data bus 


I/O 


21 


RESET 


Reset 


1 


12,10 


A0-A1 


Internal register select lines 


1 


13 


R/W 


Read or write command 


1 


11 


CE 


Chip enable input 


1 


22 


DSR 


Data set ready 


1 


24 


DTR 


Data terminal ready 





23 


RTS 


Request to send 





17 


GTS 


Clear to send 


i 


16 
18 


DCD 


Data carrier detected 

Transmitter empty or data set change 


1 



TxEMT/DSCHG 


9 


TxC/XSYNC 


Transmitter clock /external SYNC 


I/O 


25 


RxC/BKDET 


Receiver clock /break detect 


I/O 


19 


TxD 


Transmitter data 





3 


RxD 


Receiver data 


1 


15 


TxRDY 


Transmitter ready 





14 


RxRDY 


Receiver ready 





20 


BRCLK 


Baud rate generator clock 


1 


26 


Vcc 


-I-5V supply 


1 


4 


GND 


Ground 


1 
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BLOCK DIAGRAM 



1 



DATA BUS 
D0-D7 



<^=^ 



RxC/BKDET ^ 



DSR 
DCD 
CfS 
RTS 
DTR 



NOTE 

* Open dram output pin 



OPERATION CONTROL 



MODE REGISTER 1 



MODE REGISTER 2 



COMMAND REGISTER 



STATUS REGISTER 



<^ 



BAUD RATE 

GENERATOR 

AND 

CLOCK CONTROL 



(16) 


►€ 


(17) 




(23) 




(24) 




(18) 





^ 



SYN/DLE CONTROL 



SYN 1 REGISTER 



SYN 2 REGISTER 



DLE REGISTER 



TRANSMITTER 



1 — r 



BLOCK DIAGRAM 

The EPCI consists of six major sections. 
These are the transmitter, receiver, timing, 
operation control, modem control and 
SYN/DLE control. These sections communi- 
cate with each other via an internal data bus 
and an internal control bus. The internal data 
bus interfaces to the microprocessor data 
bus via a data bus buffer. 

Operation Control 

This functional block stores configuration 
and operation commands from the CPU and 
generates appropriate signals to various in- 
ternal sections to control the overall device 
operation. It contains read and write circuits 
to permit communications with the 
microprocessor via the data bus and con- 
tains mode registers 1 and 2, the command 
register, and the status register. Details of 
register addressing and protocol are pre- 
sented in the EPCI programming section of 
this data sheet. 



Table 1 BAUD RATE GENERATOR CHARACTERISTICS 
SC2661 A (BRCLK = 4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8kHz 


- 


6144 


0001 


75 


1.2 


- 


4096 


0010 


110 


1.7598 


-0.01 


2793 


0011 


134.5 


2.152 


- 


2284 


0100 


150 


2.4 


- 


2048 


0101 


200 


3.2 


- 


1536 


0110 


300 


4.8 


- 


1024 


0111 


600 


9.6 


- 


512 


1000 


1050 


16.8329 


0.196 


292 


1001 


1200 


19.2 


- 


256 


1010 


1800 


28.7438 


-0.19 


171 


1011 


2000 


31.9168 


-0.26 


154 


1100 


2400 


38.4 


- 


128 


1101 


4800 


76.8 


- 


64 


1110 


9600 


153.6 


- 


32 


1111 


19200 


307.2 


- 


16 
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Timing 

The EPCI contains a baud rate generator 
(BRG) which is programmable to accept ex- 
ternal transmit or receive clocks or to divide 
an external clock to perform data communi- 
cations. The unit can generate 16 commonly 
used baud rates, any one of which can be 
selected for full duplex operation. See 
table 1. 

Receiver 

The receiver accepts serial data on the RxD 
pin, converts this serial input to parallel for- 
mat, checks for bits or characters that are 
unique to the communication technique and 
sends an "assembled" character to the 
CPU. 

Transmitter 

The transmitter accepts parallel data from 
the CPU, converts it to a serial bit stream, 
inserts the appropriate characters or bits 
(based on the communication technique) 
and outputs a composite serial stream of 
data on the TxD output pin. 

Modem Control 

The modem control section provides inter- 
facing for three input signals and three out- 
put signals used for "handshaking" and sta- 
tus indication between the CPU and a 
modem. 

SYN/DLE Control 

This section contains control circuitry and 
three 8-bit registers storing the SYN1, 
SYN2, and DLE characters provided by the 
CPU. These registers are used in the syn- 
chronous mode of operation to provide the 
characters required for synchronization, idle 
fill and data transparency. 



Table 1 BAUD RATE GENERATOR CHRACTERISTICS 
SC2661B (BRCLK = 4.9152MHz) 



(Cont'd) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


46.5 


0.7279kHz 


0.005 


6752 


0001 


50 


0.8 


- 


6144 


0010 


75 


1.2 


- 


4096 


0011 


110 


1.7598 


-0.01 


2793 


0100 


134.5 


2.152 


- 


2284 


0101 


150 


2.4 


- 


2048 


0110 


300 


4.8 


- 


1024 


0111 


600 


9.6 


- 


512 


1000 


1200 


19.2 


- 


256 


1001 


1800 


28.7438 


-0.19 


171 


1010 


2000 


31.9168 


-0.26 


154 


1011 


2400 


38.4 


- 


128 


1100 


4800 


76.8 


- 


64 


1101 


9600 


153.6 


- 


32 


1110 


19200 


307.2 


- 


16 


1111 


38400 


614.4 


- 


8 



SC2661C (BRCLK = 5.0688MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8kHz 


- 


6336 


0001 


75 


1.2 


- 


4224 


0010 


110 


1.76 


- 


2880 


0011 


134.5 


2.1523 


0.016 


2355 


0100 


150 


2.4 


- 


2112 


0101 


300 


4.8 


- 


1056 


0110 


600 


9.6 


- 


528 


0111 


1200 


19.2 


- 


264 


1000 


1800 


28.8 


- 


176 


1001 


2000 


32.081 


0.253 


158 


1010 


2400 


38.4 


- 


132 


1011 


3600 


57.6 


- 


88 


1100 


4800 


76.8 


- 


66 


1101 


7200 


115.2 


- 


44 


1110 


9600 


153.6 


- 


33 


1111 


19200 


316.8 


3.125 


16 



NOTE 

16X clock IS used in asynchronous mode In synchronous mode, clock multiplier is IX and 

BRG can be used only for TxC 
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Table 2 CPU-RELATED SIGNALS 



vcc 

GND 
RESET 



A1-A0 

R/W 

CE 



D7-D0 



TxRDY 



TxEMT/ 
DSCHG 



PIN NO. 



26 
4 
21 



10,12 
13 
11 



8.7,6.5. 
2,1.28.17 



INPUT/ 
OUTPUT 



I/O 



FUNCTION 



+5V supply input 
Ground 

A high on this input performs a master 
reset on the 2661. This signal asynchro- 
nously terminates any device activity and 
clears the mode, command and status reg- 
isters. The device assumes the idle state 
and remains there until initialized with the 
appropriate control words. 
Address lines used to select internal EPCI 
registers. 

Read command when low. write command 
when high. 

Chip enable command. When low, indi- 
cates that control and data lines to the 
EPCI are valid and that the operation 
specified by the R/W, A^ and Aq inputs 
should be performed. When high, places 
the D0-D7 lines in the three-state condi- 
tion. 

8-bit, three-state data bus used to transfer 
commands, data and status between EPCI 
and the CPU. Dq is the least significant bit; 
D7 the most significant bit. 

This output is the complement of status 
register bit SRO. When low, it indicates 
that the transmit data holding register 
(THR) is ready to accept a data character 
from the CPU. It goes high when the data 
character is loaded. This output is valid 
only when the transmitter is enabled. It is 
an open drain output which can be used as 
an interrupt to the CPU. 
This output is the complement of status 
register bit SRI. When low, it indicates 
that the receive data holding register 
(RHR) has a character ready for input to 
the CPU. It goes high when the RHR is read 
by the CPU, and also when the receiver is 
disabled. It is an open drain output which 
can be used as an interrupt to the CPU. 

This output is the complement of status 
register bit SR2. When low, it indicates 
that the transmitter has completed serial- 
ization of the last character loaded by the 
CP U, or that a change of state of the DSR 
or DCD inputs has occurred. This output 
goes high when the status register is read 
by the CPU, if the TxEMT condition does 
not exist. Otherwise, the THR must be 
loaded by the CPU for this line to go high. It 
is an open drain output which can be used 
as an interrupt to the CPU. 



OPERATION 

The functional operation of the 2661 is pro- 
grammed by a set of control words supplied 
by the CPU. These control words specify 
items such as synchronous or asynchronous 
mode, baud rate, number of bits per charac- 
ter, etc. The programming procedure is de- 
scribed in the EPCI programming section of 
the data sheet. 

After programming, the EPCI is ready to per- 
form the desired communications functions. 
The receiver performs serial to parallel con- 
version of data received from a modem or 
equivalent device. The transmitter converts 
parallel data received from the CPU to a 
serial bit stream. These actions are accom- 
plished within the framework specified by 
the control words. 

Receiver 

The 266 1 is c onditioned to receive data 
when the DCD input is low and the RxEN bit 
in the command register is true. In the asyn- 
chronous mode, the receiver looks for a high 
to low (mark to space) transition of the start 
bit on the RxD input line. If a transition is 
detected, the state of the RxD line is sam- 
pled again after a delay of one-half of a bit 
time. If RxD is now high, the search for a 
valid start bit is begun again. If RxD is still 
low, a valid start bit Is assumed and the 
receiver continues to sample the input line 
at one bit time intervals until the proper num- 
ber of data bits, the parity bit, and one stop 
bit have been assembled. The data are then 
transferred to the receive data holding reg- 
ister, the RxRDY bit in the status register is 
set, and the RxRDY output is asserted. If the 
character length is less than 8 bits, the high 
order unused bits in the holding register are 
set to zero. The parity error, framing error, 
and overrun error status bits are strobed 
into the status register on the positive going 
edge of RxC corresponding to the received 
character boundary. If the stop bit is 
present, the receiver will immediately begin 
its search for the next start bit. If the stop bit 
is absent (framing error), the receiver will 
interpret a space as a start bit if it persists 
into the next bit time interval. If a break con- 
dition Is detected (RxD is low for the entire 
character as well as the stop bit), only one 
character consisting of all zeros (with the 
FE status bit SR5 set) will be transferred to 
the holding register. The RxD input must re- 
turn to a high condition before a search for 
the next start bit begins. 

Pin 25 can be programmed to be a break 
detect output by appropriate setting of 
MR27-MR24. If so. a detected break will 
cause that pin to go high. When RxD returns 
to mark for one RxC time, pin 25 will go low. 
Refer to the break detection timing diagram. 



1 
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Table 3 DEVICE-RELATED SIGNALS 



PIN NAME 



BRCLK 



•RxC/BKDET 



♦TxC/XSYNC 



RxD 
TxD 



DSR 



DCD 



CTS 



RTS 



PIN NO. 



26 



3 
19 



22 



16 



INPUT/ 
OUTPUT 



I/O 



I/O 



FUNCTION 



Clock input to the internal baud rate gener- 
ator (see table 1). Not required if external 
receiver and transmitter clocks are used. 
Receiver clock. If external receiver clock 
is programmed, this input controls the rate 
at which the character is to be received. 
Its frequency is IX, 16X or 64X the baud 
rate, as programmed by mode register 1. 
Data are sampled on the rising edge of the 
clock. If internal receiver clock is pro- 
grammed, this pin can be a 1X/ 16X clock 
or a break detect output pin. 
Transmitter clock. If external transmitter 
clock is programmed, this input controls 
the rate at which the character is transmit- 
ted. Its frequency is IX, 16X or 64X the 
baud rate, as programmed by mode regis- 
ter 1. The transmitted data changes on the 
falling edge of the clock. If internal trans- 
mitter clock is programmed, this pin can 
be a 1X/16X clock output or an external 
jam synchronization input. 
Serial data input to the receiver. "Mark" is 
high, "space" is low. 

Serial data output from the transmitter. 
"Mark" is high, "space" is low. Held in 
mark condition when the transmitter is dis- 
abled. 

General purpose input which can be used 
for data set ready or ring indicator condi- 
tion. Its complement appears as status 
register bit SR7 . Causes a low output on 
TxEMT/DSCHG when its state changes if 
CR2orCR0 = 1. 

Data carrier detect input. Must be low in 
order for the receiver to operate. Its com- 
plement appears as status register bit 
SR6. Causes a low output on 
TxEMT/DSCHG whe n its state changes if 
CR2 or CRO = 1. If DCD goes high while 
receiving, the RxC is internally inhibited. 
Clear to send input. Must be low in order 
for the transmitter to operate. If it goes 
high during transmission, the character in 
the transmit shift register will be transmit- 
ted before termination. 
General purpose output which is the com- 
plement of command register bit CR 1 . Nor- 
mally used to indicate data terminal ready. 
General purpose output which is the com- 
plement of command register bit CR5. Nor- 
mally used to indicate request to send. If 
the transmit shift register is not empty 
when CR5 is reset (1 to 0), then RTS will 
go high one TxC time after the last serial 
bit is transmitted. 



NOTE 

'RxC and TxC outputs have short circuit protection max. C|_ = lOOpF Outputs become 
open circuited upon detection of a zero pulled high or a one pulled low. 



When the EPCI is initialized into the synchro- 
nous mode, the receiver first enters the hunt 
mode on a to 1 transition of RxEN(CR2). In 
this mode, as data are shifted into the re- 
ceiver shift register a bit at a time, the con- 
tents of the register are compared to the 
contents of the SYN1 register If the two are 
not equal, the next bit is shifted in and the 
comparison is repeated. When the two reg- 
isters match, the hunt mode is terminated 
and character assembly mode begins If sin- 
gle SYN operation is programmed, the SYN 
DETECT status bit is set. If double SYN op- 
eration is programmed, the first character 
assembled after SYN1 must be SYN2 in or- 
der for the SYN DETECT bit to be set. Other- 
wise, the EPCI returns to the hunt mode. 
(Note that the sequence SYN1-SYN1-SYN2 
will not achieve synchronization.) When syn- 
chronization has been achieved, the EPCI 
continues to assemble characters and 
transfer them to the holding register, setting 
the RxRDY status bit and asserting the 
RxRDY output each time a character is 
transferred. The PE and OE status bits are 
set as appropriate. Further receipt of the 
appropriate SYN sequence sets the SYN 
DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are 
not transferred to the holding register. Note 
that the SYN characters used to establish 
initial synchronization are not transferred to 
the holding register in any case. 

External jam synchronization can be 
achieved via pin 9 by appropriate setting of 
MR27-MR24. When pin 9 is an XSYNC input, 
the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled Each positive 
going signal on XSYNC will cause the re- 
ceiver to establish synchronization on the 
rising edge of the next RxC pulse. Character 
assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next 
rising edge of RxC. This external synchroni- 
zation will cause the SYN DETECT status bit 
to be set until the status register is read. 
Refer to XSYNC timing diagram. 

Transmitter 

The EPCI is c onditioned to transmit data 
when the CTS input is low and the TxEN 
command register bit is set. The 2661 indi- 
cates to the CPU that it can accept a char- 
acter for transmission by setting the TxRDY 
status bit and asserting the TxRDY output 
When the CPU writes a character into the 
transmit data holding register, these condi- 
tions are negated. Data are transferred from 
the holding register to the transmit shift reg- 
ister when it is idle or has completed trans- 
mission of the previous character. The 
TxRDY conditions are then asserted again 
Thus, one full character time of buffering is 
provided. 
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In the asynchronous mode, the transmitter 
automatically sends a start bit followed by 
the programmed number of data bits, the 
least significant bit being sent first. It then 
appends an optional odd or even parity bit 
and the programmed number of stop bits. If, 
following transmission of the data bits, a 
new character is not available in the trans- 
mit holding register, the TxD output remains 
in the marking (high) condition and the 
TxEMT/DSCHG output and its correspond- 
ing status bit are asserted. Transmission 
resumes when the CPU loads a new charac- 
ter into the holding register. The transmitter 
can be forced to output a continuous low 
(BREAK) condition by setting the send 
break command bit (CR3) high. 

In the synchronous mode, when the 2661 is 
initially conditioned to transmit, the TxD out- 
put remains high and the TxRDY condition is 
asserted until the first character to be trans- 
mitted (usually a SYN character) is loaded 
by the CPU. Subsequent to this, a continu- 
ous stream of characters is transmitted. No 
extra bits (other than parity, if commanded) 
are generated by the EPCI unless the CPU 
fails to send a new character to the EPCI by 
the time the transmitter has completed 
sending the previous character. Since syn- 
chronous communication does not allow 
gaps between characters, the EPCI asserts 
TxEMT and automatically "fills" the gap by 
transmitting SYN Is, SYN1-SYN2 doublets, 
or DLE-SYN1 doublets, depending on the 
state of MR 16 and MR 17. Normal transmis- 
sion of the message resumes when a new 
character is available in the transmit data 
holding register. If the SEND DLE bit in the 
command register is true, the DLE character 
IS automatically transmitted prior to trans- 
mission of the message character in the 
THR. 



EPCI PROGRAMMING 

Prior to initiating data communications, the 
2661 operational mode must be pro- 
grammed by performing write operations to 
the mode and command registers. In addi- 
tion, if synchronous operation is pro- 
grammed, the appropriate SYN /DLE regis- 
ters must be loaded. The EPCI can be 
reconfigured at any time during program ex- 
ecution. A flowchart of the intialization proc- 
ess appears in figure 1. 

The internal registers of the EPCI are 
accessed by applying specific signals to the 
CE, R/W, Ai and Aq inputs. The conditions 
necessary to address each register are 
shown in table 4. 

The SYN1, SYN2, and DLE registers are 
accessed by performing write operations 
with the conditions A^ = 0, Aq = 1, and 



Table 4 


2661 REGISTER ADDRESSING 


CE 


A1 


AO 


R/W 


FUNCTION 


1 


X 


X 


X 


Three-state data bus 














Read receive holding register 











1 


Write transmit holding register 








1 





Read status register 








1 


1 


Write SYN1/SYN2/DLE registers 





1 








Read mode registers Vi 





1 





1 


Write mode registers Vz 





1 


1 





Read command register 





1 


1 


1 


Write command register 



1 



NOTE 

See AC characteristics section for timing requirements 
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R/W = 1. The first operation loads the 
SYN1 register. The next loads the SYN2 
register, and the third loads the DLE regis- 
ter. Reading or loading the mode registers is 
done in a similar manner. The first write (or 
read) operation addresses mode register 1, 
and a subsequent operation addresses 
mode register 2. If more than the required 
number of accesses are made, the internal 
sequencer recycles to point at the first reg- 
ister. The pointers are reset to SYN1 regis- 
ter and mode register 1 by a RESET input or 
by performing a read command register op- 
eration, but are unaffected by any other read 
or write operation. 

The 2661 register formats are summarized 
in tables 5, 6, 7 and 8. Mode registers 1 and 
2 define the general operational character- 
istics of the EPCI, while the command regis- 
ter controls the operation within this basic 
framework. The EPCI indicates its status in 
the status register. These registers are 
cleared when a RESET input is applied. 

Mode Register 1 (MR1) 

Table 5 illustrates Mode Register 1. Bits 
MRU and MR 10 select the communication 
format and baud rate multiplier. 00 specifies 
synchronous mode and IX multiplier. IX, 
16X, and 64X multipliers are programmable 
for asynchronous format. However, the mul- 
tiplier in asynchronous format applies only if 
the external clock input option is selected 
by MR24 or MR25. 

MR 13 and MR 12 select a character length 
of 5, 6, 7 or 8 bits. The character lejigth 
does not include the parity bit, if pro- 
grammed, and does not include the start and 
stop bits in asynchronous mode. 

MR 14 controls parity generation. If enabled, 
a parity bit is added to the transmitted char- 



acter and the receiver performs a parity 
check on incoming data. MR 15 selects odd 
or even parity when parity is enabled by 
MR14. 

In asynchronous mode, MR 17 and MR 16 se- 
lect character framing of 1, 1.5, or 2 stop 
bits. (If IX baud rate is programmed, 1.5 
stop bits defaults to 1 stop bits on transmit.) 
In synchronous mode, MR 17 controls the 
number of SYN characters used to establish 
synchronization and for character fill when 
the transmitter is idle. SYN1 alone is used if 
MR17 = 1, and SYN1-SYN2 is used when 
MR 17 = 0. If the transparent mode Is speci- 
fied by MR 1 6, DLE-SYN 1 is used for charac- 
ter fill and SYN detect, but the normal syn- 
chronization sequence is used to establish 
character sync. When transmitting, a DLE 
character in the transmit holding register will 
cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the soft- 
ware DLE compare and stuff on each trans- 
parent mode data character. If the send DLE 
command (CR3) is active when a DLE is 
loaded into THR, only one additional DLE will 
be transmitted. Also, DLE stripping and DLE 
detect (with MRU = 0) are enabled. 

The bits in the mode register affecting char- 
acter assembly and disassembly (MR12- 
MR16) can be changed dynamically (during 
active receive /transmit operation). The 
character mode register affects both the 
transmitter and receiver; therefore in syn- 
chronous mode, changes should be made 
only in half duplex mode (RxEN = 1 or 
TxEN = 1, but not both simultaneously = 1). 
In asynchronous mode, character changes 
should be made when RxEN and TxEN=0 or 
when TxEN = 1 and the transmitter is mark- 
ing in half duplex mode (RxEN = 0). 



To effect assembly/ disassembly of the next 
received /transmitted character, MR 12- 15 
must be changed within n bit times of the 
active going state of RxRDY/TxRDY. Trans- 
parent and non-transparent mode changes 
(MR 1 6) must occur within n- 1 bit times of the 
character to be affected when the receiver 
or transmitter is active, (n = smaller of the 
new and old character lengths.) 

Mode Register 2 (MR2) 

Table 6 illustrates mode register 2. MR23, 
MR22, MR21 and MR20 control the frequen- 
cy of the internal baud rate generator (BRG). 
Sixteen rates are selectable for each EPCI 
version (—1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 
20); version 3 specifies a 5.0688 MHz input 
which is identical to the Signetics 2651. 
MR23-20 are don't cares if external clocks 
are selected (MR25-MR24 = 0). The individ- 
ual rates are given in table 1 . 

MR24-MR27 select the receive and transmit 
clock source (either the BRG or an external 
input) and the function at pins 9 and 25. Re- 
fer to table 6. 



Command Register (CR) 

Table 7 illustrates the command register. 
Bits CRO (TxEN) and CR2 (RxEN) enable or 
disable the transmitter and receiver respec- 
tively. A to 1 transition of CR2 forces start 
bit search (async mod e) or hunt mode (sync 
mode) on the second RxC ri sing edg e. Dis- 
abling the receiver causes RxRDY to go 
high (Inactive). If the transmitter is disabled, 
it will complete the transmission of the char- 
acter in the transmit shift register (If any) 
prior to terminating operation. The TxD out- 
put will then remain in the marking state 



Table 5 MODE REGISTER 1 (MR 1) 



MR17 MR16 


MR15 


MR14 


MR13 MR12 


MR11 MR10 


Sync/Async 


Parity Type 


Parity Control 


Character 
Length 


Mode and Baud 
Rate Factor 


Async: Stop Bit Length 

00 = Invalid 

01 = 1 stop bit 
10 = IV2 stop bits 
11=2 stop bits 


= Odd 

1 = Even 


= Disabled 

1 = Enabled 


00 = 5 bits 
01=6 bits 
10 = 7 bits 
11=8 bits 


00 = Synchronous IX rate 

01 = Asynchronous IX rate 

10 = Asynchronous 16X rate 

1 1 = Asynchronous 64X rate 


Sync: 
Number of 
SYN char 

= Double 

SYN 

1 = Single 

SYN 


Sync: 

Transparency 

Control 

= Normal 

1 = Transparent 



NOTE 

Baud rate factor in asynchronous applies only if external clock is selected Factor is 16X if 

internal clock is selected Mode must be selected (MR1 1, MR 10) in any case 
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Table 6 


MODE REGISTER 2 (MR2) 




















MR27- 


-MR24 










MR23-iMR20 


TxC RxC Pin 9 Pin 25 




TxC 


RxC 


Pin 9 


Pin 25 


Mode 


Baud Rate Seiection 


0000 


E E TxC RxC 


1000 


E 


E 


XSYNC1 


RxC /TxC 


sync 




0001 


E 1 TxC IX 


1001 


E 


1 


TxC 


BKDET 


async 




0010 


1 E IX RxC 


1010 


1 


E 


XSYNC1 


RxC 


sync 




0011 


1 1 IX IX 


1011 


1 


1 


IX 


BKDET 


async 


See baud rates in table 1 


0100 


E E TxC RxC 


1100 


E 


E 


XSYNC1 


RxC /TxC 


sync 




0101 


E 1 TxC 16X 


1101 


E 


1 


TxC 


BKDET 


async 




0110 


1 E 16X RxC 


1110 


1 


E 


XSYNC1 


RxC 


sync 




0111 


1 1 16X 16X 


1111 


1 


1 


16X 


BKDET 


async 





1 



NOTES 

1 When pin 9 is programmed as XSYNC input, SYN 1 , SYN 1 •SYN2, and DLE-SYN 1 detec- 
tion is disabled. 
E ■ External clock 
I - Internal clock (BRG) 
IX and 16X are clock outputs 

Table 7 COMMAND REGISTER (CR) 



CR7 CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 










Receive 




Transmit 




Request 






Control 


Data Terminal 


Control 


Operating Mode 


To Send 


Reset Error 


Sync/Async 


(RxEN) 


Ready 


(TxEN) 


00 = Normal operation 


= Force RTS 


= Normal 


Async: 








01 = Async: 


output high 


1 = Reset 


Force break 








Automatic 


one clock time 


error flags 


= Normal 


= Disable 


= Force DTR 


= Disable 


echo mode 


after TxSR 


in status register 


1 = Force break 


1 = Enable 


output high 


1 = Enable 


Sync: SYN and /or 


serialization 


(FE. OE, PE/DLE 






1 = Force DTR 




OLE stripping mode 


1 = Force RTS 


detect) 






output low 




10 - Local loop back 


output low 












1 1 = Remote loop back 




















Sync: 








Send DLE 














= Normal 














1 = Send DLE 









Table 8 STATUS REGISTER (SR) 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRC 


Data Set 
Ready 


Data Carrier 
Detect 


FE/SYN Detect 


Overrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


= DSR input 

is high 

1 = DSR input 

IS low 


= DCD input 

IS high 

1 = DCD input 

IS low 


Async: 

= Normal 

1 = Framing 

Error 


= Normal 

1 = Overrun 

Error 


Async: 

= Normal 

1 = Parity error 


= Normal 

1 = Change in 

DSR. or DCD.or 
transmit shift 
register is 
empty 


= Receive 

holding 
register empty 

1 = Receive 

holding register 
has data 


= Transmit 

holding 
register busy 

1 = Transmit 

holding register 
empty 


Sync: 

= Normal 

1 =syN 

detected 


Sync: 

= Normal 

1 = Parity error or 

DLE received 



(high) while TxRDY and TxEMT will go high 
(inactive). If the receiver is disabled, it will 
terminate operation immediately. Any char- 
acter being assembled will be neglected. A 
to 1 transition of CR2 will initiate start bit 
search (async) or hunt mode (sync). 

Bits CR1 (DTR) and CR5 (RTS) control the 
DTR and RTS outputs. Data at the outputs 
are the logical complement of the register 
data. 



In asynchronous mode, setting CR3 will 
force and hold the TxD output low (spacing 
condition) at the end of the current transmit- 
ted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go 
high for at least one bit time before begin- 
ning transmission of the next character in 
the transmit data holding register. In syn- 
chronous mode, setting CR3 causes the 
transmission of the DLE register contents 
prior to sending the character in the transmit 



data holding register. Since this is a one 
time command, CR3 does not have to be 
reset by software. CR3 should be set when 
Entering and exiting transparent mode and 
for all DLE— non-DLE character sequences. 



Setting CR4 causes the error flags in the 
status register (SR3, SR4, and SR5) to be 
cleared. This is a one time command. There 
is no internal latch for this bit. 
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Table 9 SC2661 EPCI vs SC2651 PCI 



FEATURE 


EPCI 


PCI 


1. MR2Bit6, 7 


Control pin 9. 25 


Not used 


2. DLE detect-SR3 


SR3 = for DLE-DLE, 
DLE-SYNC1 


SR3 = 1 for DLE-DLE, 
DLE-SYNC1 


3. Reset of SR3. DLE 
detect 

4. Send DLE-CR3 


Second character after 
DLE, or receiver disable, 
or CR4 = 1 
One time command 


Receiver disable, or CR4 = 1 


Reset via CR3 on next TxRDY 


5. DLE stuffing in 
transparent mode 


Automatic DLE stuffing when 
DLE is loaded except if 
CR3= 1 


None 


6. SYNC1 stripping 
in double sync 
non-transparent 
mode 


All SYNC1 


First SYNC1 of pair 


7. Baud rate 
versions 

8. Terminate ASYNC 
transmission 
(drop RTS) 


Three 

Reset CR5 in response to 
TxRDY changing from 1 to 


One 


Reset CRO when TxEMT 
goes from 1 to 0. Then reset 
CR5 when TxEMT goes from 
Oto 1 


9. Break detect 


Pin 25^ 


FE and null character 


10. Stop bit searched 


One 


Two 


11. External jam sync 


Pin 92 


No 


12. Data bus timing 

13. Data bus drivers 


Improved over 2651 
Sink 2.2mA 


Sink 1.6mA 




Source 400mA 


Source IOOmA 



NOTES 

1. Internal BRG used for RxC. 

2. Internal BRG used for TxC 

When CR5 (RTS) is set, the RTS pin is 
forced low and the transmit serial logic is 
enab led. A 1 to transition of CR5 will cause 
RTS to go high (inactive) one TxC time after 
the last serial bit has been transmitted (if 
the transmit shift register was not empty). 

The EPCI can operate in one of four sub- 
modes within each major mode (synchro- 
nous or asynchronous). The operational 
sub-mode is determined by CR7 and CR6. 
CR7-CR6 = 00 is the normal mode, with the 
transmitter and receiver operating indepen- 
dently in accordance with the mode and sta- 
tus register instructions. 

In asynchronous mode, CR7-CR6 = 01 
places the EPCI In the automatic echo 
mode. Clocked, regenerated received data 
are automatically directed to the TxD line 
while normal receiver operation continues. 
The receiver must be enabled (CR2 « 1), but 
the transmitter need not be enabled. CPU to 
receiver communications continues normal- 
ly, but the CPU to transmitter link is dis- 
abled. Only the first character of a break 
condition is echoed. The TxD output will go 
high until the next valid start is detected. 
The following conditions are true while in 
automatic echo mode: 



1. Data assembled by the receiver are 
automatically placed in the transmit hold- 
ing register and retransmitted by the 
transmitter on the TxD output. 

2. The transmitter is clocked by the receive 
clock. 

3. TxR DY output = 1. 

4. The TxEMT /DSCHG pin will reflect only 
the data set change condition. 

5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6 = 01 places 
the EPCI in the automatic SYN/DLE strip- 
ping mode. The exact action taken depends 
on the setting of bits MR 17 and MR 16: 

1. In the non-transparent, single SYN mode 
(MR17-MR16 = 10), characters in the 
data stream matching SYNI are not 
transferred to the receive data holding 
register (RHR). 

2. In the non-transparent, double SYN mode 
(MR17-MR16 = 00), characters in the 
data stream matching SYNI, or SYN2 if 
immediately preceded by SYNI, are not 
transferred to the RHR. 

3. In transparent mode (MR 16 » 1), charac- 
ters in the data stream matching DLE, or 
SYNI if immediately preceded by DLE, 
are not transferred to the RHR. However, 



only the first DLE of a DLE-DLE pair is 
stripped. 

Note that automatic stripping mode does not 
affect the setting of the DLE detect and SYN 
detect status bits (SR3 and SR5). 

Two diagnostic sub-modes can also be 
configured. In local loop back mode (CR7- 
CR6 = 10), the following loops are connect- 
ed internally: 

1. The transmitter output is connected to 
the receiver input. 

2. DTR is co nnect ed to DCD and RTS is con- 
nected to CTS. 

3. The receiver is clocked by the transmit 
clock^^ 

4. The DTR, RTS and TxD outputs are held 
high; 

5. The CTS, DCD, DSR and RxD inputs are 
ignored. 

Additional requirements to operate in the lo- 
cal loop back mode are that CRO (TxEN), 
CR1 (DTR), and CR5 (RTS) must be set to 1. 
CR2 (RxEN) is ignored by the EPCI. 

The second diagnostic mode is the remote 
loop back mode (CR7-CR6 = 11). In this 
mode: 

1. Data assembled by the receiver are 
automatically placed in the transmit hold- 
ing register and retransmitted by the 
transmitter on the TxD output. 

2. The transmitter is clocked by the receive 
clock. 

3. No data are sent to the local CPU, but the 
error status conditions (PE, OE, FE) are 
set. f 

4. The RxRDY, TxRDY, and TxEMT/ DSCHG 
outputs are held high. 

5. CR1 (TxEN) is ignored. 

6. All other signals operate normally. 

Status Register 

The data contained in the status register (as 
shown in table 8) indicate receiver and 
transmitter conditions and modem /data set 
status. 

SRO is the transmitter ready (TxRDY) status 
bit. It, and its corresponding output, are valid 
only when the transmitter is enabled. If equal 
to 0, it indicates that the transmit data hold- 
ing register has been loaded by the CPU and 
the data has not been transferred to the 
transmit shift register. If set equal to 1, it 
indicates that the holding register is ready 
to accept data from the CPU. This bit is 
initially set when the transmitter is enabled 
by CRO, unless a character has previously 
been loaded into the holding register. It is 
not set when the automatic echo or remote 
loopback modes are p rogrammed. When 
this bit is set, the TxRDY output pin is low. In 
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the automatic echo and remote loop back 
modes, the output is held high. 

SRI, the receiver ready (RxRDY) status bit, 
indicates the condition of the receive data 
holding register. If set, it indicates that a 
character has been loaded into the holding 
register from the receive shift register and is 
ready to be read by the CPU. If equal to 
zero, there is no new character in the hold- 
ing register. This bit is cleared when the 
CPU reads the receive data holding register 
or when the r eceiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit, SR2, when s et, in di- 
cates either a change of state of the DSR or 
DCD inputs (when CR2 or CRO = 1) or that 
the transmit shift register has completed 
transmission of a character and no new 
character has been loaded into the transmit 
data holding register. Note that in synchro- 
nous mode this bit will be set even though 
the appropriate "fill" character is transmit- 
ted. TxEMT will not go active until at least 
one character has been transmitted. It is 

ABSOLUTE MAXIMUM RATINGS^ 



cleared by loading the transmit data holding 
register. The DSCHG condition is enabled 
when TxEN = 1 or RxEN = 1 . It is cleared 
when the status register is read by the 
CPU. If the status register is read twice and 
SR2 = 1 while SR6 and SR7 remain un- 
changed, then a TxEMT condition exists. 
When SR2 is set, the TxEMT/DSCHG output 
is low. 

SR3, when set, indicates a received parity 
error when parity is enabled by MRU. In 
synchronous transparent mode (MR 16 = 1), 
with pdrity disabled, it indicates that a char- 
acter matching DLE register was received 
and the present character is neither SYN1 
nor DLE. This bit is cleared when the next 
character following the above sequence is 
loaded into RHR, when the receiver is dis- 
abled, or by a reset error command, CR4. 

The overrun error status bit, SR4, Indicates 
that the previous character loaded into the 
receive holding register was not read by the 
CPU at the time a new received character 
was transferred into it. This bit is cleared 



when the receiver is disabled or by the reset 
error command, CR4. 

In asynchronous mode, bit SR5 signifies that 
the received character was not framed by a 
stop bit, i.e., only the first stop bit is 
checked. If RHR = when SR5 = 1, a break 
condition is present. In synchronous non- 
transparent mode (MR 16 = 0), it indicates 
receipt of the SYN1 character in single SYN 
mode or the SYN1-SYN2 pair in double SYN 
mode. In synchronous transparent mode 
(MR 16 = 1), this bit is set upon detection of 
the initial synchronizing characters (SYN1 
or SYN1-SYN2) and, after synchronization 
has been achieved, when a DLE-SYN1 pair 
is received. The bit is reset when the receiv- 
er is disabled, when the reset error com- 
mand is given in asynchronous mode, or 
when the status register is read by the CPU 
in the synchronous mode. 

SR6 and SR7 reflect the conditions of the 
DCD and DSR inputs respectively. A low in- 
put sets its corresponding status bit, and a 
high input clears it. 



PARAMETER 


RATING 


UNIT 


Operating ambient temperature^ 

Storage temperature 

All voltages with respect to ground^ 


to -F-70 
-65 to -1-150 
-0.5 to 4-6.0 


°C 

°c 

V 



DC ELECTRICAL CHARACTERISTICS 


Ta = 0°C to -fyo^c, Vcc = sov ±5% ^s.e 










PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Input voltage 
V|L Low 
V|H High 




2.0 




0.8 


V 


Output voltage 
Vol Low 
VoH^ High 


Iql = 2.2mA 
lOH = -400mA 


2.4 




0.4 


V 


l|L Input leakage current 


ViN = to 5.5 V 






10 


mA 


3-state output leakage current 
l|_H Data bus high 
l|_L Data bus low 


Vo = 4.0V 
Vo = 0.45V 






10 
10 


mA 


Ice Power supply current 








150 


mA 



CAPACITANCE Ta = 25*0, Vqc = ov 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Capacitance 
C||s| Input 
COUT Output 
C|/o Input /Output 


fc = 1MHz 
Unmeasured pins tied to ground 






20 
20 
20 


PF 



1 



Notes on following page 
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AC ELECTRICAL CHARACTERiSTICS Ta = cc to +70°c. Vcc = s.ov ± 6% ^ se 



PARAMETER 


TEST CONDITIONS 


Min 


Typ 


Max 


UNIT 


Pulse width 
tRES Reset 
tcE <^hip enable 




1000 
250 






ns 


Setup and hold time 
tAS Address setup 
tAH Address hold 
tcs R/W control setup 
tcH R/W control hold 
tps Data setup for write 
tDH Data 'lold for write 
*RXS Rx data setup 
tRXH Rx data hold 




10 
10 
10 
10 
150 

300 
350 






ns 


tpD Data delay time for read 

tpF Data bus floating time for read 

tCED CE to CE delay 


Cl = 150pF 
Cl = 150pF 


600 




200 
100 


ns 


Input clock frequency 
fBRG Baud rate generator 

(2661A,B) 
%RG Baud rate generator 

(2661 C) 
^R/T^° TxC or RxC 




1.0 

1.0 
dc 


4.9152 
5.0688 


4.9202 

5.0738 
1.0 


MHz 


Clock width 
tBRH^ Baud rate high (2661A,B) 
tBRH^ Baud rate high (2661 C) 
tBRL® Baud rate low (2661 A,B) 
tBRL^ Baud rate low (2661 C) 
*R/TH TxC or RxC high 
tR/TL^° TxC or RxC low 




75 
70 
75 
70 
480 
480 






ns 


*TXD TxD delay from falling 

edge of TxC 
^TCS Skew between TxD changing and 

falling edge of TxC output ^ 


Cl = 150pF 
Cl = 150pF 







650 


ns 



1 stresses above those listed under Absolute Maximum Ratings may cause perma- 
nent damage to the device This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the opera- 
tion section of this specification is not implied 

2 For operating at elevated temperatures, the device must be derated based on 
+ 150°C maximum junction temperature and thermal resistance of 60°C/W junc- 
tion to ambient (IQ ceramic package) 

3 This product includes circuitry specifically designed for the protection of its inter- 
nal devices from the damaging effects of excessive static charge Nonetheless, it 
IS suggested that conventional precautions be taken to avoid applying any volt- 
ages larger than the rated maxima 

4 Parameters are valtd over operating temperature range unless otherwise speci- 
fied. 

5. All voltage measurements are referenced to ground All time measurements are at 
the 50% level for inputs (except tQpj^ and tQp|_) and at 8V and 2 OV for outputs 
input levels swing between 4V and 2.4V, with a transition time of 20 ns maxi- 
mum 

6 Typical values are at -f20''C, typical supply voltages and typical processing 
parame t ers 

7 TxRDY, RxRDY and TxEf^T/DSCHG outputs are open drain 
8. Parameter applies when internal transmitter clock is used 

9 Under test conditions of 5.0688 l\/IHz feRQ (2661 C) and 4 9152 MHz fgRG (2661 A,B), 

tBRH a"cl tgRL measured at Vj^ and V||_ respectively 
10 In asynchronous local loopback mode, using IX clock, the following parameters 
apply 

fF(/j = 83 MHz max 
tR/TL = 700 ns mm 
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TIMING DIAGRAMS 



RESET 



,^ ^ 



CLOCK 



BRCLK, TxC, RxC . 



«BRH - 
»R/TH- 



_y^ t / 



■ 'brl - 
" 'r/tl - 



VfBRG - 



1 



TRANSMIT 



1 BIT TIME 
" (1 16 OR 64 CLOCK PERIODS) 



jC 



^ 



Y 



y 



RECEIVE 



r. 



Jk 



~\ 



I 



"V 



READ AND WRITE 



"\ 



"^ 



f 



3: 



h — 'Ds — *- 



■* »DD H H »DF r 



F 



t 






V 



BUS FLOATING 
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TIMING DIAGRAMS (Cont d) 



TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode] ) 



"'i[iJiJirLjijinjijinj¥iiinnnjiJij^^ 




NOTES 

A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking condition 

TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit 
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ENHANCED PROGRAMMABLE COMMUNICATIONS INTERFACE (EPCI) SC2661 



TIMING DIAGRAMS (Cont d) 



1XRxC 

vcvur _,_^__ 


— 1 


EXTERN/ 


^L SYNCHRONIZATION WITH XSYNC 

~] r " 


tes = XSYNC SETUP TIME = 300ns 
tH = XSYNC HOLD TIME = ONE RxC 

J 


^1 








-^ 


.. X ' 


X 


• X ■ 


XDdXZ 




1 










V 

CHARACTER ASSEMBLY 



RxC - 16 or 64 



NOTE 

3|e If the stop bit IS present, the start bit search 
will commence immediately 



BREAK DETECTION TIMING 



Rx CHARACTER = 5 BITS, NO PARITY 



LOOK FOR START BIT = LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION) 

I 

FALSE START BIT CHECK MADE (RxD LOW) 



MISSING STOP BIT DETECTED, SET FE BIT 
0— RHR, ACTIVATE RxRDY SET BKDET PIN 
RxD INPUT— RxSR UNTIL A MARK TO SPACE TRANSITION OCCURS 
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TIMING DIAGRAMS (Cont'd) 



RxRDY (Shown for 5-bit characters, no parity, 2 stops bits [in asynchronous mode] ) 



-"uinjumjmiirLTLFiruinjiJiJi^ 



J" 



If 



bP W Mr — ^=^LI '. 

^EAD READ READ READ R 

FATUS RHR RHR RHR F 

(DATA 1) (DATA 2) (DATA 3) (0/ 



2|3|4IS|B|C A|1i2|3| 



M M r 



J" 



I ^ I 3 M I 5 I B I C I — I D I A I 1 1 2 I 



NOTES 

A = Start bit 

B = Stop bit 1 

C = stop bit 2 

D = TxD marking condition 

Only one stop bit is detected 
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TYPICAL APPLICATIONS 



ASYNCHRONOUS INTERFACE TO CRT TERMINAL 




ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 



ADDRESS BUS 



CONTROL BUS 



.Wv 



RxD 
TxD 



DSR O* 

DTR 0- 

CfS O* 

RTS O— 

DCD D* 



PHONE 

LINE 

INTERFACE 
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ENHANCED PROGRAMMABLE COMMUNICATIONS INTERFACE (EPCI) SC2661 



TYPICAL APPLrCATIONS (Cont'd) 



SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 



ADDRESS BUS 



CONTROL BUS 




RxD 
TxD 
RxC 
fxC 



SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 



SYNCHRONOUS INTERFACE TO TELEPHONE LINES 



ADDRESS BUS 




CONTROL BUS 



CTS C 
RTS C 

DSR C 
DTR r 



PHONE 

LINE 

INTERFACE 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES 



DESCRIPTION 

TheSigneticsSC2681 Dual Universal Asyn- 
chronous Receiver/Transmitter (DUART) Is 
a single chip MOS-LSI communications 
device that provides two independent full- 
duplex asynchronous receiver/transmitter 
channels in a single package. It interfaces 
directly with microprocessors and may be 
used in a polled or interrupt driven sys- 
tem. 

The operating mode and data format of 
each channel can be programmed inde- 
pendently. Additionally, each receiver and 
transmitter can select its operating speed 
as one of eighteen fixed baud rates, a 16x 
clock derived from a programmable 
counter/timer, or an external 1x or 16x 
clock. The baud rate generator and 
counter/timer can operate directly from a 
crystal or from external clock inputs. The 
ability to independently program the 
operating speed of the receiver and trans- 
mitter make the DUART particularly attrac- 
tive for dual-speed channel applications 
such as clustered terminal systems. 

Each receiver is quadruply buffered to 
minimize the potential of receiver overrun 
or to reduce interrupt overhead in inter- 
rupt driven systems. In addition, a flow 
control capability is provided to disable a 
remote DUART transmitter when the buf- 
fer of the receiving device is full. 

Also provided on the SC2681 are a multi- 
purpose 7-bit input port and a multipur- 
pose 8-bit output port. These can be used 
as general purpose I/O ports or can be 
assigned specific functions (such as clock 
inputs or status/interrupt outputs) under 
program control. 

The SC2681 is available in three package 
versions to satisfy various system require- 
ments: 40-pin and 28-pin, both 0.6" wide 
DIPS, and a compact 24-pin, 0.4" wide, 
DIP. 



ORDERING CODE 



FEATURES 

• Dual full-duplex asynchronous receiver/ 
transmiter 

• Quadruple buffered receiver data regis- 
ters 

• Programmable data format 
—5 to 8 data bits plus parity 

—Odd, even, no parity or force parity 
—1, 1.5 or 2 stop bits programmable in 
1/16 bit increments 

• Programmable baud rate for eacii re- 
ceiver and transmiter selectable from: 
—18 fixed rates: 50 to 38.4K baud 
—One user defined rate derived from 

programmable timer/counter 
—External 1x or 16x clock 

• Parity, framing, and overrun error detec- 
tion 

• False start bit detection 

• Line break detection and generation 

• Programmable ciiannel mode 
—Normal (full duplex) 
—Automatic echo 
—Local loopback 
—Remote loopback 

• Multi-function programmable 16-bit 
counter/timer 

• l\/lulti-function 7-bit input port 

—Can serve as clock or control inputs 
—Change of state detection on four 
inputs 

• Multi-function 8-bit output port 
—Individual bit set/reset capability 
—Outputs can be programmed to be 

status/interrupt signals 

• Versatile interrupt system 

—Single interrupt output with eight 
maskable interrupting conditions 

—Output port can be configured to pro- 
vide a total of up to six separate wire- 
OR'able interrupt outputs 

• Maximum data transfer: IX — 1 MB/sec, 
16X — 125KB/sec 

• Automatic wake-up mode for multidrop 
applications 

• Start-end break interrupt/status 

• Detects break which originates in the 
middle of a character 

• On-chip crystal oscillator 

• TTL compatible 

• Single -i- 5V power supply 



PIN CONFIGURATION 



PACKAGES 


Vcc = 5V ±5%,TA = 0°Cto70°C 


24 Pin^ 


28 Pln2 


40 Pin2 


Ceramic DIP 
Plastic DIP 


SC2681CSI24 
SC2681CSN24 


SC2681CSI28 
SC2681GSN28 


SC2681CSI40 
SC2681CSN40 



■•400 mil wide DIP 
2600 mil wide DIP 









aoq: 




m vcc 


IP3 [T 




39] IP4 


A1 [T 




38] IP5 


IP1 \T 




37] IP6 


A2 [T 




36] IP2 


A3 \T 




35] CSN 


IPO |T 




34] RESET 


WRN \T 




33] X1/CLK 


RDN |T 




32] X2 


RXDB (To 




31] RXDA 


TXDB QT 




30] TXDA 


0P1 01 




H] OPO 


OPS Ql 




m 0P2 


OPS \Ta 




27] 0P4 


0P7 0? 




26] 0P6 


D1 DI 




lU DO 


D3 [17 




24] D2 


D5 Ql 




23] D4 


D7 Ql 




m D6 


GND Uo 




13 INTRN 


AG [T 




H Vcc 


Aid 




27] IP2 


A2[I 




26] CSN 


A3 \T 




H] RESET 


WRN [T 




24] X1/CLK 


RDN (T 




23] X2 


RXDB [T 




in RXDA 


TXDB |T 




2l] TXDA 


0P1 \T 




20] OPO 


DI Ql 




Ts] DO 


D3 [TT 




li] D2 


D5 {^2 




Tt] D4 


D7 Dl 




Ti] D6 


GND [l4 




15] INTRN 


A1 (T 




24] AO 


A2 \T 




M\ Vcc 


A3 jT 




22] CSN 


WRN |T 




2l] RESET 


RDN [T 




m] XI/CLK 


RXDB |T 




T|] RXDA 


TXDB \T 




18] TXDA 


01 [F 




17] DO 


D3 [T 




16] D2 


D5 [To 




15] D4 


D7 m. 




14] D6 


GND QI 




13] INTRN 




TOP VIEWS 





1 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES 



BLOCK DIAGRAM 



.0-07 <^ 



:;> 



RDN- 

WRN- 

CEN- 

A0-A3- 

RESET- 



X1/CLK- 
X2- 



INTERRUPT 
CONTROL 



BAUD RATE 
GENERATOR 



CLOCK 
SELECTORS 



COUNTER/ 
TIMER 











OPERATION 
CONTROL 












ADDRESS 
DECODE 






V 














-7- 






R/W CONTROL 














1 



c 






■:> 



V 



C 



Sr- 



::> 



TRANSMIT 
HOLDING REG 



TRANSMIT 
SHIFT REGISTER 



RECEIVE 

HOLDING REG 

(3) 



RECEIVE 
SHIFT REG 



CHANNELS 
(AS ABOVE) 



CHANGE OF 

STATE 

DETECTORS (4) 



OUTPUT PORT 

FUNCTION 
SELECT 
LOGIC 



" TxDB 
-RxDB 



-^ 



-Vcc 
-GND 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES 



PIN DESIGNATION 



MNEMONIC 


APPLICABLE 


TYPE 


NAME AND FUNCTION 


40 


28 


24 


D0-D7 


X 


X 


X 


I/O 


Data Bus: Bidirectional 3-state data bus used to transfer commands, data and status between 
the DUART and the CPU. DO is the least significant bit. 


CEN 


X 


X 


X 


' 


Chip Enable: Active low input signal. When low, data transfers between the CPU and the 
DUART are enabled on D0-D7 as controlled by the WRN, RDN and A0-A3 inputs. When high, 
places the D0-D7 lines in the 3-state condition. 


WRN 


X 


X 


X 


1 


Write Strobe: When low and CEN is also low, the contents of the data bus is loaded into the 
addressed register. The transfer occurs on the rising edge of the signal. 


RDN 


X 


X 


X 


1 


Read Strobe: When low and CEN is also low, causes the contents of the addressed register to 
be presented on the data bus. The read cycle begins on the falling edge of RDN. 


A0-A3 


X 


X 


X 


1 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


RESET 


X 


X 


X 


1 


Reset: A high level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts 0PG-0P7 
in the high state, stops the counter/timer, and puts channels A and B In the inactive state, 
with the TxDA and TxDB outputs in the mark (high) state. 


INTRN 


X 


X 


X 





Interrupt Request: Active low, open drain, output which signals the CPU that one or more of 
the eight maskable interrupting conditions are true. 


X1/CLK 


X 


X 


X 


1 


Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be 
supplied at all times. 


X2 


X 


X 




1 


Crystal 2: Connection for other side of the crystal. Should be open if crystal is not used. 


RxDA 


X 


X 


X 


1 


Channel A Receiver Serial Data Input: The least significant bit is received first. 'Mark' is high, 
'space' is low. 


RxDB 


X 


X 


X 


1 


Channel B Receiver Serial Data Input: The least significant bit is received first. 'Mark' is high, 
'space' is low. 


TxDA 


X 


X 


X 





Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the 'mark' condition when the transmitter is disabled, idle, or when operat- 
ing in local loopback mode. 'Mark' is high, 'space' is low. 


TxDB 


X 


X 


X 





Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the 'mark' condition when the transmitter is disabled, idle, or when operat- 
ing in local loopback mode. 'Mark' is high, 'space' is low. 


OPO 


X 


X 







Output 0: General purpose output, or channel A request to send (RTSAN, active low). Can be 
deactivated on receive or transmit. 


0P1 


X 


X 







Output 1: General purpose output, or channel B request to send (RTSBN, active low). Can be 
deactivated on receive or transmit. 


0P2 


X 


X 







Output 2: General purpose output, or channel A transmitter 1X or 16X clock output, or chan- 
nel A receiver 1X clock output. 


OPS 


X 









Output 3: General purpose output, or open drain, active low counter/timer output, or channel 
B transmitter 1X clock output, or channel B receiver 1X clock output. 


0P4 


X 









Output 4: General purpose output, or channel A open drain, active low, RxRDYA/FFULLA out- 
put. 


OPS 


X 









Output 5: General purpose output, or channel B open drain, active low, RxRDYB/FFULLB out- 
put. 


0P6 


X 









Output 6: General purpose output, or channel A open drain, active low, TxRDYA output. 


0P7 


X 









Output 7: General purpose output, or channel B open drain, active low, TxRDYB output. 


IPO 


X 






1 


Input 0: General purpose input, or channel A clear to send active low input (CTSAN). 


IP1 


X 






1 


Input 1: General purpose input, or channel B clear to send active low input (CTSBN). 


IP2 


X 


X 




1 


input 2: General purpose input, or counter/timer external clock input. 


IP3 


X 






1 


input 3: General purpose input, or channel A transmitter external clock input (TxCA). When 
the external clock is used by the transmitter, the transmitted data is clocked on the falling 
edge of the clock. 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES 



PIN DESIGNATION (Continued) 



MNEMONIC 


APPLICABLE 


TYPE 


NAME AND FUNCTION 


40 


28 


24 


IP4 
IPS 
IP6 

Vcc 
GND 


X 

X 

X 

X 
X 


X 
X 


X 
X 


1 

1 

1 

1 
1 


Input 4: General purpose input, or channel A receiver external clock input (RxCA). When the 
external clock is used by the receiver, the received data is sampled on the rising edge of the 
clock. 

Input 5: General purpose input, or channel B transmitter external clock input (TxCB). When 
the external clock is used by the transmitter, the transmitted data is clocked on the falling 
edge of the clock. 

Input 6: General purpose input or channel B receiver external clock input (RxCA). When the 
external clock is used by the receiver, the received data is sampled on the rising edge of the 
clock. 

Power Supply: +5V supply input 

Ground 



BLOCK DIAGRAM 

The 2681 DUART consists of the following 
eight major sections: data bus buffer, 
operation control, interrupt control, tim- 
ing, communications channels A and B, in- 
put port and output port. Refer to the 
block diagram. 

Data Bus Buffer 

The data bus buffer provides the interface 
between the external and Internal data 
busses. It is controlled by the operation 
control block to allow read and write 
operations to take place between the con- 
trolling CPU and the DUART. 

Operation Control 

The operation control logic receives 
operation commands from the CPU and 
generates appropriate signals to internal 
sections to control device operation. It 
contains address decoding and read and 
write circuits to permit communications 
with the microprocessor via the data bus 
buffer. 

Interrupt Control 

A single active low interrupt output 
(INTRN) is provided which Is activated 
upon the occurence of any of eight inter- 
nal events. Associated with the Interrupt 
system are the interrupt mask register 
(IMR) and the interrupt status register 
(ISR). The IMR may be programmed to 
select only certain conditions to cause 
INTRN to be asserted. The ISR can be read 
by the CPU to determine all currently ac- 
tive interrupting conditions. 

Outputs OP3-OP7 can be programmed to 
provide discrete interrupt outputs for the 
transmitters, receivers, and counter/timer. 



Timing Circuits 

The timing block consists of a crystal 
oscillator, a baud rate generator, a pro- 
grammable 16-bit counter/timer, and four 
clock selectors. The crystal oscillator 
operates directly from a 3.6864MHz crys- 
tal connected across the X1/CLK and X2 
inputs. If an external clock of the appropri- 
ate frequency is available, it may be con- 
nected to X1/CLK. The clock serves as the 
basic timing reference for the baud rate 
generator (BRG), the counter/timer, and 
other internal circuits. A clock signal 
within the limits specified in the specifica- 
tions section of this data sheet must 
always be supplied to the DUART. 

The baud rate generator operates from the 
oscillator or external clock mput and is 
capable of generating 18 commonly used 
data communications baud rates ranging 
from 50 to 38.4K baud. The clock outputs 
from the BRG are at 16X the actual baud 
rate. The counter/timer can be used as a 
timer to produce a 16X clock for any other 
baud rate by counting down the crystal 
clock or an external clock. The four clock 
selectors allow the independent selection, 
for each receiver and transmitter, of any of 
these baud rates or an external timing sig- 
nal. 

The counter/timer (C/T) can be program- 
med to use one of several timing sources 
as its input. The output of the C/T is avail- 
able to the clock selectors and can also be 
programmed to be output at OPS. In the 
counter mode, the contents of the C/T can 
be read by the CPU and it can be stopped 
and started under program control. In the 
timer mode, the C/T acts as a program- 
mable divider. 



Communications Channels 
A and B 

Each communications channel of the 2681 
comprises a full duplex asynchronous re- 
ceiver/transmitter (UART). The operating 
frequency for each receiver and transmit- 
ter can be selected independently from 
the baud rate generator, the counter timer, 
or from an external input. 

The transmitter accepts parallel data from 
the CPU, converts it to a serial bit stream, 
inserts the appropriate start, stop, and op- 
tional parity bits and outputs a composite 
serial stream of data on the TxD output 
pin. The receiver accepts serial data on 
the RxD pin, converts this serial input to 
parallel format, checks for start bit, stop 
bit, parity bit (if any), or break condition 
and sends an assembled character to the 
CPU. 

Input Port 

The inputs to this unlatched 7-bit port can 
be read by the CPU by performing a read 
operation at address D^g- ^ '^'9'^ input re- 
sults in a logic 1 while a low input results 
in a logic 0. The pins of this port can also 
serve as auxiliary inputs to certain por- 
tions of the DUART logic. 

Four change-of-state detectors are pro= 
vided which are associated with inputs 
IPS, IP2, IP1, and IPO. A high-to-low or low- 
to-high transition of these inputs lasting 
longer than 25-50jm,s will set the corre- 
sponding bit in the input port change reg- 
ister. The bits are cleared when the regis- 
ter is read by the CPU. Any change of state 
can also be programmed to generate an in- 
terrupt to the CPU. 
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Output Port 

The 8-bit multi-purpose output port can be 
used as a general purpose output port, in 
whicii case tiie outputs are the comple- 
ments of the output port register (OPR). 
OPR[n]= 1 results in OP[n]= low and vice- 
versa. Bits of the OPR can be individually 
set and reset. A bit is set by performing a 
write operation at address E-ig with the ac- 
companying data specifying the bits to be 
set (1 = set, 0= no change). Likewise, a bit 
is reset by a write at address F-ie with the 
accompanying data specifying the bits to 
be reset (1 = reset, 0= no change). 

Outputs can be also individually assigned 
specific functions by appropriate pro- 
gramming of the channel A mode registers 
(MR1A, MR2A), the channel B mode regis- 
ters (MR1B, MR2B), and the output port 
configuration register (OPCR). 



OPERATION 

Transmitter 

The 2681 is conditioned to transmit data 
when the transmitter is enabled through 
the command register. The 2681 indicates 
to the CPU that it Is ready to accept a 
character by setting the TxRDY bit in the 
status register. This condition can be pro- 
grammed to generate an interrupt request 
at 0P6 or 0P7 and INTRN. When a charac- 
ter is loaded into the transmit holding reg- 
ister (THR), the above conditions are 
negated. Data is transferred from the hold- 
ing register to the transmit shift register 
when it is idle or has completed transmis- 
sion of the previous character. The TxRDY 
conditions are then asserted again which 
means one full character time of buffering 
is provided. Characters cannot be loaded 
into the THR while the transmitter is dis- 
abled. 

The transmitter converts the parallel data 
from the CPU to a serial bit stream on the 
TxD output pin. It automatically sends a 
start bit followed by the programmed 
number of data bits, an optional parity bit, 
and the programmed number of stop bits. 
The least significant bit is sent first. Fol- 
lowing the transmission of the stop bits, if 
a new character is not available in the 
THR, the TxD output remains high and the 
TxEMT bit in the status register (SR) will 
be set to 1. Transmission resumes and the 
TxEMT bit is cleared when the CPU loads a 
new character into the THR. If the trans- 
mitter is disabled, it continues operating 
until the character currently being trans- 
mitted is completely sent out. The trans- 
mitter can be forced to send a continuous 



low condition by issuing a send break 
command. 

The transmitter can be reset through a 
software command. If it is reset, operation 
ceases immediately and the transmitter 
must be enabled through the command 
register before resuming operation. If CTS 
operation is enabled, the CTSN input must 
be low in order for the character to be 
transmitted, if it goes high in the middle of 
a transmission, the character in the shift 
register is transmitted and TxDA then re- 
mains in the marking state until CTSN 
goes low. The transmitter can also control 
the deactivation of the RTSN output. If 
programmed, the RTSN output will be re- 
set one bit time after the character in the 
transmit shift register and transmit hold- 
ing register (if any) are completely trans- 
mitted, if the transmitter has been dis- 
abled. 

Receiver 

The 2681 is conditioned to receive data 
when enabled through the command reg- 
ister. The receiver looks for a high to low 
(mark to space) transition of the start bit 
on the RxD input pin. If a transition is de- 
tected, the state of the RxD pin is sampled 
each 16X clock for 7-1/2 clocks (16X clock 
mode) or at the next rising edge of the bit 
time clock (IX clock mode). If RxD is 
sampled high, the start bit is Invalid and 
the search for a valid start bit begins 
again. If RxD is still low, a valid start bit is 
assumed and the receiver continues to 
sample the input at one bit time intervals 
at the theoretical center of the bit, until 
the proper number of data bits and the 
parity bit (if any) have been assembled, 
and one stop bit has been detected. The 
least sigificant bit is received first. The 
data is then transferred to the receive 
holding register (RHR) and the RxRDY bit 
in the SR is set to a 1. This condition can 
be programmed to generate an interrupt at 
0P4 or OPS and INTRN. If the character 
length Is less than eight bits, the most 
significant unused bits in the RHR are set 
to zero. 

After the stop bit is detected, the receiver 
will immediately look for the next start bit. 
However, if a non-zero character was re- 
ceived without a stop bit (framing error) 
and RxD remains low for one half of the bit 
period after the stop bit was sampled, 
then the receiver operates as if a new start 
bit transition had been detected at that 
point (one-half bit time after the stop bit 
was sampled). 

The parity error, framing error, overrun er- 
ror and received break state (If any) are 



strobed into the SR at the received charac- 
ter boundary, before the RxRDY status bit 
is set. If a break condition is detected 
(RxD is low for the entire character in- 
cluding the stop bit), a character con- 
sisting of all zeros will be loaded into the 
RHR and the received break bit in the SR 
is set to 1 The RxD mput must return to a 
high condition for at least one-half bit time 
before a search for the next start bit 
begins. 

The RHR consists of a first-in-first-out 
(FIFO) stack with a capacity of three char- 
acters. Data is loaded from the receive 
shift register into the topmost empty posi- 
tion of the FIFO. The RxRDY bit in the 
status register is set whenever one or 
more characters are available to be read, 
and a FFULL status bit is set if all three 
stack positions are filled with data. Either 
of these bits can be selected to cause an 
interrupt. A read of the RHR outputs the 
data at the top of the FIFO. After the read 
cycle, the data FIFO and its associated 
status bits (see below) are 'popped' thus 
emptying a FIFO position for new data. 

In addition to the data word, three status 
bits (parity error, framing error, and re- 
ceived break) are also appended to each 
data character in the FIFO (overrun is not). 
Status can be provided in two ways, as 
programmed by the error mode control bit 
in the mode register. In the 'character' 
mode, status is provided on a character- 
by-character basis: the status applies only 
to the character at the top of the FIFO. In 
the 'block' mode, the status provided in 
the SR for these three bits is the logical 
OR of the status for all characters coming 
to the top of the FIFO since the last 'reset 
error' command was issued. In either 
mode reading the SR does not affect the 
FIFO. The FIFO is 'popped' only when the 
RHR is read. Therefore the status register 
should be read prior to reading the FIFO. 

If the FIFO is full when a new character is 
received, that character is held in the re- 
ceive shift register until a FIFO position Is 
available. If an additional character Is re- 
ceived while this state exits, the contents 
of the FIFO are not affected: the character 
previously in the shift register is lost and 
the overrun error status bit (SR[4]) will be 
set upon receipt of the start bit of the new 
(overruning) character. 

The receiver can control the deactivation 
of RTS. If programmed to operate in this 
mode, the RTSN output will be negated 
when a valid start bit was received and the 
FIFO is full. When a FIFO position be- 
comes available, the RTSN output will be 
re-asserted automatically. This feature 
can be used to prevent an overrun. In the 
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receiver, by connecting the RTSN output 
to the CTSN input of the transmitting 
device. 

If the receiver is disabled, the FIFO char- 
acters can be read. However, no additional 
characters can be received until the re- 
ceiver is enabled again. If the receiver is 
reset, the FIFO and all of the receiver 
status, and the corresponding output 
ports and interrupt are reset. No addi- 
tional characters can be received until the 
receiver is enabled again. 



Multidrop Mode 

The DUART is equipped with a wake up 
mode used for multidrop applications. 
This mode is selected by programming 
bits MR1A[4:3] or MR1B[4:3] to '11' for 
channels A and B respectively. In this 
mode of operation, a 'master' station 
transmits an address character followed 
by data characters for the addressed 
'slave' station. The slave stations, with 
receivers that are normally disabled, ex- 
amine the received data stream and 'wake- 
up' the CPU (by setting RxRDY) only upon 
receipt of an address character. The CPU 
compares the received address to its sta- 
tion address and enables the receiver if it 
wishes to receive the subsequent data 
characters. Upon receipt of another ad- 
dress character, the CPU may disable the 
receiver to initiate the process again. 

A transmitted character consists of a start 
bit, the programmed number of data bits, 
an address/data (A/D) bit, and the pro- 
grammed number of stop bits. The polarity 
of the transmitted A/D bit is selected by 
the CPU by programming bit MR1A[2]/ 
MR1 B[2]. MR1 A[2]/MR1 B[2] = transmits a 
zero in the A/D bit position, which iden- 
tifies the corresponding data bits as data, 
while MR1A[2]/MR1B[2]=1 transmits a 
one in the A/D bit position, which identi- 
fies the corresponding data bits as an ad- 
dress. The CPU should program the mode 
register prior to loading the corresponding 
data bits into the THR. 

In this mode, the receiver continuously 
looks at the received data stream, whether 
it is enabled or disabled. If disabled, it 
sets the RxRDY status bit and loads the 
character into the RHR FIFO if the re- 
ceived A/D bit is a one (address tag), but 
discards the received character if the 
received A/D bit is a zero (data tag). If 
enabled, all received characters are trans- 
ferred to the CPU via the RHR. In either 
case, the data bits are loaded into the data 
FIFO while the A/D bit is loaded into the 
status FIFO position normally used for 
parity error (SRA[5] or SRB[5]). Framing 
error, overrun error, and break detect oper- 



ate normally whether or not the receiver is 
enabled. 



PROGRAMMING 

The operation of the DUART is program- 
med by writing control words into the ap- 
propriate registers. Operational feedback 
is provided via status registers which can 
be read by the CPU. The addressing of the 
registers is described in table 1. 

The contents of certain control registers 
are initialized to zero on RESET. Care 
should be exercised if the contents of a 
register are changed during operation, 
since certain changes may cause opera- 
tional problems. For example, changing 
the number of bits per character while the 
transmitter is active may cause the trans- 
mission of an incorrect character. In gen- 
eral, the contents of the MR, the CSR, and 
the OPCR should only be changed while 
the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is 
stopped. 

Mode registers 1 and 2 of each channel are 
accessed via independent auxiliary point- 
ers. The pointer is set to MRIx by RESET 
or by issuing a 'reset pointer' command 
via the corresponding command register. 
Any read or write of the mode register 
while the pointer is at MRIx switches the 
pointer to MR2x. The pointer then remains 
at MR2x, so that subsequent accesses are 
always to MR2x unless the pointer is reset 
to MRIx as described above. 

Mode, command, clock select, and status 
registers are duplicated for each channel 
to provide total independent operation 
and control. Refer to table 2 for register bit 
descriptions. 



MR1A — Channel A Mode 
Register 1 

MR1A is accessed when the channel AMR 
pointer points to MR1. The pointer is set 
to MR1 by RESET or by a 'set pointer' com- 
mand applied via CRA. After reading or 
writing MR1A, the pointer will point to 
MR2A. 

MR1A[7] — Channel A Receiver Request- 
to-Send Control — This bit controls the 
deactivation of the RTSAN output (OPO) by 
the receiver. This output is normally 
asserted by setting OPR[0] and negated by 
resetting OPR[0]. MR1A[7] = 1 causes 
RTSAN to be negated upon receipt of a 
valid start bit if the channel A FIFO is full. 
However, OPR[0] is not reset and RTSAN 
will be asserted again when an empty 
FIFO position is available. This feature 
can be used for flow control to prevent 
overrun in the receiver by using the 
RTSAN output signal to control the CTSN 
input of the transmitting device. 

MR1A[6] — Channel A Receiver Interrupt 

Select — This bit selects either the chan- 
nel A receiver ready status (RXRDY) or the 
channel A FIFO full status (FFULL) to be 
used for CPU interrupts. It also causes the 
selected bit to be output on 0P4 if it is 
programmed as an interrupt output via the 
OPCR. 

MR1A[5] — Channel A Error Mode Select 

~ This bit selects the operating mode of 
the three FIFOed status bits (FE, PE, re- 
ceived break) for channel A. In the 'charac- 
ter' mode, status is provided on a charac- 
ter-by-character basis: the status applies 
only to the character at the top of the 
FIFO. In the 'block' mode, the status pro- 
vided in the SR for these bits is the ac- 



Table 1. 2681 REGISTER ADDRESSING 



A3 


A2 


A1 


AO 


READ (RON = 0) 


WRITE (WRN = 0) 














Mode Register A (MR1 A, MR2A) 


Mode Register A (MR1A, MR2A) 













Status Register A (SRA) 


Clock Select Reg. A (CSRA) 












* Reserved* 


Command Register A (CRA) 












RX Holding Register A (RHRA) 


TX Holding Register A (THRA) 





1 






Input Port Change Reg. (IPCR) 


Aux. Control Register (ACR) 





1 






Interrupt Status Reg. (ISR) 


Interrupt Mask Reg. (IMR) 





1 






Counter/Timer Upper (CTU) 


C/T Upper Register (CTUR) 





1 






Counter/Timer Lower (CTL) 


C/T Lower Register (CTLR) 











Mode Register B (MR1 B, MR2B) 


Mode Register B (MR1B, MR2B) 











Status Register B (SRB) 


Clock Select Reg. B (CSRB) 











* Reserved* 


Command Register B (ORB) 











RX Holding Register B (RHRB) 


TX Holding Register B (THRB) 




1 








* Reserved* 


* Reserved* 




1 







Input Port 


Output Port Conf. Reg. (OPCR) 




1 







Start Counter Command 


Set Output Port Bits Command 




1 






Stop Counter Command 


Reset Output Port Bits Command 
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MR1A 
MR1B 



BIT7 



BITS 



Table 2. REGISTER BIT FORMATS 
BITS BIT4 BITS 



BIT2 



BIT1 



BITO 



RXRTS 
CONTROL 


RXINT 
SELECT 


ERROR 
MODE 


PARITY MODE 


PARITY 
TYPE 


BITS PER CHAR. 


0=no 
1 = yes 


0= RXRDY 
1 = FFULL 


0=char 
1 = block 


00 = with parity 

01 = force parity 
10= no parity 

11 = special mode 


0=even 
1 = odd 


00 = 5 
01=6 

10 = 7 

11 = 8 



1 



MR2A 
MR2B 



BIT? 



BITS 



BITS 



BIT4 



BITS 



BIT2 



BIT1 



*Add 0.5 to values shown for 0-7 if channel is programmed for 5 bits/char 



BITO 



CHANNEL MODE 


TxRTS 
CONTROL 


CTS 
ENABLE Tx 


STOP BIT LENGTH* 


00= Normal 
01 = Auto echo 
10= Local loop 
11 = Remote loop 


0=no 
1 = yes 


0=no 
1 = yes 


= 0.563 4 = 0.813 8=1.563 0=1.813 

1 = 0.625 5 = 0.875 9=1.625 D= 1.875 

2 = 0.688 6 = 0.938 A =1.688 E= 1.938 
3=0.750 7=1.000 B= 1.750 F= 2.000 



CSRA 
CSRB 



BIT7 



BITS 



BITS 



BIT4 



BITS 



BIT2 



BIT1 



BITO 



RECEIVER CLOCK SELECT 


TRANSMITTER CLOCK SELECT 


See text 


See text 



CRA 
CRB 



BIT? 


BITS BITS BIT4 


BITS 


BIT2 


BIT1 


BITO 


not used- 
must be 


MISCELLANEOUS COMMANDS 


DISABLE Tx 


ENABLE Tx 


DISABLE Rx 


ENABLE Rx 


See text 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1=yes 



SRA 
SRB 



BIT7 


BIT6 


BITS 


BIT4 


BITS 


BIT2 


BIT1 


BITO 


RECEIVED 
BREAK 


FRAMING 
ERROR 


PARITY 
ERROR 


OVERRUN 
ERROR 


TxEMT 


TxRDY 


FFULL 


RxRDY 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 



'These status bits are appended to the corresponding data character in the receive FIFO A read of the status register provides these bits (7 5) from the top of the FIFO 
together with bits 4 These bits are cleared by a 'reset error status' command In character mode they are discarded when the corresponding data character is read 
from the FIFO 



BIT7 


BIT6 


BITS 


BIT4 


BITS BIT2 


BIT1 BITO 


0P7 


OPS 


OPS 


0P4 


OPS 


0P2 


= OPR[7] 
1 = TxRDYB 


0=OPR[6] 
1=TxRDYA 


= OPR[5] 

1 = RxRDY/ 

FFULLB 


0=OPR[4] 
1 = RxRDY/ 
FFULLA 


00=OPR[3] 

01 = C/T OUTPUT 

10 = TxOB(1X) 

11 = RxOB(1X) 


00 = OPR[2] 
01=TxOA(16X) 

10 = TxOA(1X) 

11 = RxOA(1X) 



ACR 



BIT? 


BIT6 BITS BIT4 


BITS 


BIT2 


BIT1 


BITO 


BRG SET 
SELECT 


COUNTER/TIMER 
MODE AND SOURCE 


DELTA 
IPS INT 


DELTA 
IP2 INT 


DELTA 
IP1 INT 


DELTA 
IPO INT 


= set1 

1 = set2 


See table 4 


= off 

1 = on 


O=off 
1 = on 


= off 

1 = on 


= off 

1 = on 



IPCR 



BIT? 


BITS 


BITS 


BIT4 


BITS 


BIT2 


BIT1 


BITO 


DELTA 
IPS 


DELTA 
IP2 


DELTA 
IP1 


DELTA 
IPO 


IPS 


iP2 


IP1 


IPO 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


O=low 
1 = high 


O=low 
1 = high 


O=low 
1 = high 


O=low 
1 = high 
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ISR 



Table 2. REGISTER BIT FORMATS (continued) 



BIT7 


BIT6 


BITS 


BIT4 


BITS 


BIT2 


BIT1 


BITO 


INPUT 

PORT 

CHANGE 


DELTA 
BREAK B 


RxRDY/ 
FFULLB 


TxRDYB 


COUNTER 
READY 


DELTA 
BREAK A 


RxRDY/ 
FFULLA 


TxRDYA 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 = yes 


0=no 
1 =yes 


0=no 
1 = yes 



IMR 



BIT7 


BIT6 


BITS 


BIT4 


BIT3 


BiT2 


BIT1 


BITO 


IN. PORT 

CHANGE 

INT 


DELTA 

BREAK B 

INT 


RxRDY/ 

FFULLB 

INT 


TxRDYB 
INT 


COUNTER 

READY 

INT 


DELTA 

BREAK A 

INT 


RxRDY/ 

FFULLA 

INT 


TxRDYA 
INT 


O=off 
1 = on 


O=off 
1 = on 


= off 

1 = on 


= off 

1 = on 


O=off 
1 = on 


O=:0ff 

1 = on 


O=off 
1 = on 


= off 

1 = on 



CTUR 



BIT7 


BIT6 


BITS 


BIT4 


BIT3 


BIT2 


BIT1 


BITO 


C/T[1S1 


C/T[14] 


C/TI131 


C/T[12J 


C/T[11l 


C/T[10l 


C/T[91 


C/TI81 



















CTLR 



BIT? 


BIT6 


BITS 


BIT4 


BITS 


BIT2 


BIT1 


BITO 


C/TI7] 


C/TI6] 


cms] 


C/T[4J 


C/T[S1 


C/T[2] 


C/TIU 


C/TIO] 



















cumulation (logical OR) of the status for 
all characters coming to the top of the 
FIFO since the last 'reset error' command 
for channel A was issued. 

MR1A[4:3] >- Channel A Parity Mode 
Select — If 'with parity' or 'force parity' is 
selected, a parity bit is added to the trans- 
mitted character and the receiver per- 
forms a parity check on incoming data. 
MR1A[4:3]= 11 selects channel A to oper- 
ate in the special multidrop mode de- 
scribed in the Operation section. 

MR1A[2] — Channel A Parity Type Select 

— This bit selects the parity type (odd or 
even) If the 'with parity' mode Is program- 
med by IVIR1A[4:3], and the polarity of the 
forced parity bit If the 'force parity' mode 
is programmed, it has no effect if the 'no 
parity' mode is programmed. In the special 
multidrop mode it selects the polarity of 
the A/D bit. 

MR1A[1:0] — Channel A Bits per Character 
Select — This field selects the number of 
data bits per character to be transmitted 
and received. The character length does 
not include the start, parity, and stop bits. 



MR2A — Channel A Mode 
Register 2 

MR2A is accessed when the channel A IVIR 
pointer points to MR2, which occurs after 
any access to IVIR1A. Accesses to MR2A 
do not change the pointer. 

MR2A[7:6] — Channel A Mode Select — 

Each channel of the DUART can operate in 
one of four modes. MR2A[7:6]=00 Is the 
normal mode, with the transmitter and re- 
ceiver operating independently. MR2A[7:6] 
= 01 places the channel in the automatic 
echo mode, which automatically retrans- 
mits the received data. The following con- 
ditions are true while in automatic echo 
mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 

2. The receive clock is used for the trans- 
mitter. 

3. The receiver must be enabled, but the 
transmitter need not be enabled. 

4. The channel A TxRDY and TxEMT 
status bits are inactive. 

5. The received parity is checked, but is 
not regenerated for transmission, i.e., 
transmitted parity bit is as received. 



6. Character framing is checked, but the 
stop bits are retransmitted as received. 

7. A received break is echoed as received 
until the next valid start bit Is detected. 

8. CPU to receiver communication contin- 
ues normally, but the CPU to transmit- 
ter link is disabled. 

Two diagnostic modes can also be config- 
ured. MR2A[7:6]=10 selects local loop- 
back mode. In this mode: 

1. The transmitter output is internally 
connected to the receiver input. 

2. The transmit clock is used for the re- 
ceiver. 

3. The TxDA output is held high. 

4. The RxDA Input is ignored. 

5. The transmitter must be enabled, but 
the receiver need not be enabled. 

6. CPU to transmitter and receiver com- 
munications continue normally. 

The second diagnostic mode is the remote 
loopback mode, selected by MR2A[7:6] = 
11. in this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 

2. The receive clock is used for the trans- 
mitter. 
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3. Received data is not sent to the local 
CPU, and the error status conditions 
are inactive. 

4. The received parity is not checked and 
is not regenerated for transmission, 
i.e., transmitted parity bit is as re- 
ceived. 

5. The receiver must be enabled. 

6. Character framing is not checked, and 
the stop bits are retransmitted as re- 
ceived. 

7. A received break is echoed as received 
until the next valid start bit Is detected. 

The user must exercise care when switch- 
ing into and out of the various modes. The 
selected mode will be activated immedi- 
ately upon mode selection, even if this oc- 
curs in the middle of a received or trans- 
mitted character. Likewise, if a mode is de- 
selected, the device will switch out of the 
mode immediately. An exception to this is 
switching out of autoecho or remote loop- 
back modes: if the de-selection occurs 
just after the receiver has sampled the 
stop bit (indicated in autoecho by asser- 
tion of RxRDY), and the transmitter is 
enabled, the transmitter will remain in 
autoecho mode until the entire stop bit 
has been retransmitted. 

MR2A[5] -- Channel A Transmitter Re- 
quest-to-Send Control — This bit controls 
the deactivation of the RTSAN output 
(OPO) by the transmitter. This output is 
normally asserted by setting OPR[0] and 
negated by resetting OPR[0]. MR2A[5]=1 
causes OPR[0] to be reset automatically 
one bit time after the characters In the 
channel A transmit shift register and in 
the THR, if any, are completely transmit- 
ted, including the programmed number of 
stop bits, if the transmitter is not enabled. 
This feature can be used to automatically 
terminate the transmission of a message 
as follows: 

1. Program auto-reset mode: MR2A[5]= 1. 

2. Enable transmitter. 

3. Assert RTSAN: OPR[0]= 1. 

4. Send message. 

5. Disable transmitter after the last char- 
acter is loaded into the channel A THR. 

6. The last character will be transmitted 
and OPR[0] will be reset one bit time 
after the last stop bit, causing RTSAN 
to be negated. 

MR2A[4] — Channel A Clear-to-Send Con- 
trol — If this bit is 0, CTSAN has no effect 
on the transmitter. If this bit is a 1, the 
transmitter checks the state of CTSAN 



(IPO) each time it is ready to send a charac- 
ter. If IPO is asserted (low), the character is 
transmitted. If it is negated (high), the 
TxDA output remains in the marking state 
and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN 
while a character is being transmitted do 
not affect the transmission of that charac- 
ter. 

MR2A[3:0] — Channel A Stop Bit Length 
Select — This field programs the length of 
the stop bit appended to the transmitted 
character. Stop bit lengths of 9/16 to 1 and 
1-9/16 to 2 bits, in increments of 1/16 bit, 
can be programmed for character lengths 
of 6, 7, and 8 bits. For a character length of 
5 bits, 1-1/16 to 2 stop bits can be pro- 
grammed in increments of 1/16 bit. The re- 
ceiver only checks for a 'mark' condition 
at the center of the first stop bit position 
(one bit time after the last data bit, or after 
the parity bit if parity is enabled) in all 
cases. 

If an external IX clock is used for the 
transmitter, MR2A[3] = selects one stop 
bit and MR2A[3]= 1 selects two stop bits 
to be transmitted. 

MR1B — Channel B Mode 
Register 1 

MR1 B is accessed when the channel B MR 
pointer points to MR1. The pointer is set 
to MR1 by RESET or by a 'set pointer' com- 
mand applied via CRB. After reading or 
writing MR1B, the pointer will point to 
MR2B. 

The bit definitions for this register are 
identical to the bit definitions for MR1A, 
except that all control actions apply to the 
channel B receiver and transmitter and the 
corresponding inputs and outputs. 

MR2B — Channel B Mode 
Register 2 

MR2B is accessed when the channel B MR 
pointer points to MR2, which occurs after 
any access to MR1B. Accesses to MR2B 
do not change the pointer. 

The bit definitions for this register are 
identical to the bit definitions for MR2A, 
except that all control actions apply to the 
channel B receiver and transmitter and the 
corresponding inputs and outputs. 

CSRA — Channel A Clock Select 
Register 

CSRA[7:4] — Channel A Receiver Clock 
Select — This field selects the baud rate 
clock for the channel A receiver as fol- 
lows: 







Baud Rate 


CSRA[7:4] 


ACRI71 = 


ACRm=1 








50 


75 







110 


110 


1 




134.5 


134.5 


1 




200 


150 


1 




300 


300 


1 




600 


600 


1 1 




1,200 


1,200 


1 1 




1,050 


2,000 


1 




2,400 


2,400 


1 




4,800 


4,800 


1 1 




7,200 


1,800 


1 1 




9,600 


9,600 


1 1 




38.4K 


19.2K 


1 1 




Timer 


Timer 


1 1 1 




IP4-16X 


IP4-16X 


1 1 1 




IP4~1X 


IP4— IX 



1 
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The receiver clock is always a 16X clock 
except for CSRA[7:41=: 1111. 

CSRA[3:0] — Channel A Transmitter Clock 
Select — This field selects the baud rate 
clock for the channel A transmitter. The 
field definition is as per CSRA[7:4] except 
as follows: 

Baud Rate 
CSRA[3:0] ACR[7] = ACR[7] = 1 

1110 IP3-16X IP3-16X 

1111 IP3— IX IP3— IX 

The transmitter clock is always a 16X 
clock except for CSRA[3:01= 1111. 

CSRB — Channel B Clock Select 
Register ^ Access Type: Write 
Only 

CSRB[7:4] — Channel B Receiver Clock 
Select — This field selects the baud rate 
clock for the channel B receiver. The field 
definition is as per CSRA[7:4] except as 
follows: 

Baud Rate 
CSRB[7:4] ACR[7] = ACR[7] = 1 

1110 IP6— 16X IP6~16X 

1111 IP6— IX IP6— IX 

The receiver clock is always a 16X clock 
except for CSRB[7:41= 1111. 

CSRB[3:0] ~ Channel B Transmitter Clock 
Select — This field selects the baud rate 
clock for the channel B transmitter. The 
field definition is as per CSRA[7:4] except 
as follows: 

Baud Rate 
CSRB[3:0] ACR[7] = ACR[7] = 1 

1110 IP5— 16X IP5— 16X 

1111 IP5— IX IP5— IX 

The transmitter clock is always a 16X 
clock except for CSRB[3:01= 1111. 
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CRA — Channel A Command 
Register 

CRA is a register used to supply com- 
mands to channel A. Multiple commands 
can be specified in a single write to CRA 
as long as the commands are non-conflict- 
ing, e.g., the 'enable transmitter' and 
'reset transmitter' commands cannot be 
specified in a single command word. 

CRA[6:4] -- Channel A Miscellaneous 
Commands — The encoded value of this 
field may be used to specify a single com- 
mand as follows: 



CRA[6:4] 



COMMAND 



No command. 

1 Reset MR pointer. Causes the 
channel AMR pointer to point to 
MR1. 

1 Reset receiver. Resets the chan- 
nel A receiver as if a hardware 
reset had been applied. The re- 
ceiver is disabled and the FIFO 
is flushed. 

1 1 Reset transmitter. Resets the 

channel A transmitter as if a 
hardware reset had been ap- 
plied. 

1 Reset error status. Clears the 

channel A Received Break, Par- 
ity Error, Framing Error, and 
Overrun Error bits in the status 
register (SRA[7:4]). Used in char- 
acter mode to clear OE status 
(although RB, PE, and FE bits 
will also be cleared) and in block 
mode to clear all error status 
after a block of data has been 
received. 

1 1 Reset channel A break change 
interrupt. Causes the channel A 
break detect change bit in the in- 
terrupt status register (ISR[2]) to 
be cleared to zero. 

1 1 Start break. Forces the TXDA 
output low (spacing). If the 
transmitter is empty the start of 
the break condition will be de- 
layed up to two bit times. If the 
transmitter is active the break 
begins when transmission of the 
character is completed. If a char- 
acter is in the THR, the start of 
the break will be delayed until 
that character, or any others 
loaded subsequently are trans- 
mitted. The transmitter must be 
enabled for this command to be 
accepted. 

1 1 1 Stop Break. The TXDA line will 
go high (marking) within two bit 



times. TXDA will remain high for 
one bit time before the next 
character, if any, is transmitted. 

CRA[3] — Disable Channel A Transmitter 

— This command terminates transmitter 
operation and resets the TxRDY and 
TxEMT status bits. However, if a character 
is being transmitted or if a character is in 
the THR when the transmitter is disabled, 
the transmission of the character(s) is 
completed before assuming the inactive 
state. 

CRA[2] — Enable Channel A Transmitter 

— Enables operation of the channel A 
transmitter. The TxRDY status bit will be 
asserted. 

CRA[1] — Disable Channel A Receiver — 

This command terminates operation of 
the receiver immediately — a character 
being received will be lost. The command 
has no effect on the receiver status bits or 
any other control registers. If the special 
multidrop mode is programmed, the re- 
ceiver operates even if it is disabled. See 
Operation section. 

CRA[0] — Enable Channel A Receiver — 

Enables operation of the channel A re- 
ceiver. If not in the special wakeup mode, 
this also forces the receiver into the 
search for start-bit state. 

CRB — Channel B Command 
Register 

CRB is a register used to supply com- 
mands to channel B. Multiple commands 
can be specified in a single write to CRB 
as long as the commands are non-conflict- 
ing, e.g., the 'enable transmitter' and 
'reset transmitter' commands cannot be 
specified in a single command word. 

The bit definitions for this register are 
identical to the bit definitions for CRA, ex- 
cept that all control actions apply to the 
channel B receiver and transmitter and the 
corresponding inputs and outputs. 

SRA =- Channei A Status 
Register 

SRA[7] — Channel A Received Break — 

This bit indicates that an all zero character 
of the programmed length has been re- 
ceived without a stop bit. Only a single 
FIFO position is occupied when a break is 
received: further entries to the FIFO are in- 
hibited until the RxDA line returns to the 
marking state for at least one-half a bit 
time (two successive edges of the internal 
or external 1x clock). 



When this bit is set, the channel A 'change 
in break' bit in the ISR (ISR[2]) is set. ISR[2] 
is also set when the end of the break con- 
dition, as defined above, is detected. 

The break detect circuitry can detect 
breaks that originate in the middle of a 
received character. However, if a break 
begins in the middle of a character, it must 
persist until at least the end of the next 
character time in order for it to be de- 
tected. 

SRA[6] — Channel A Framing Error — This 
bit, when set, Indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The 
stop bit check is made in the middle of the 
first stop bit position. 

SRA[5] — Channei A Parity Error — This 
bit is set when the 'with parity' or 'force 
parity' mode is programmed and the corre- 
sponding character In the FIFO was re- 
ceived with incorrect parity. 

In the special multidrop mode the parity 
error bit stores the received A/D bit. 

SRA[4] — Channel A Overrun Error — This 
bit, when set, indicates that one or more 
characters in the received data stream 
have been lost, it is set upon receipt of a 
new character when the FIFO Is full and a 
character is already in the receive shift 
register waiting for an empty FIFO posi- 
tion. When this occurs, the character in 
the receive shift register (and its break 
detect, parity error and framing error 
status, if any) is lost. 

This bit is cleared by a 'reset error status' 
command. 

SRA[3] — Channel A Transmitter Empty 
(TxEMTA) — This bit will be set when the 
channel A transmitter underruns, i.e., both 
the transmit holding register (THR) and 
the transmit shift register are empty. It is 
set after transmission of the last stop bit 
of a character if no character is in the THR 
awaiting transmission. It is reset when the 
THR is loaded by the CPU or when the 
transmitter is disabled. 

SRA[2] — Channel A Transmitter Ready 
(TxRDYA) — This bit, when set, indicates 
that the THR is empty and ready to be 
loaded with a character. This bit is cleared 
when the THR is loaded by the CPU and is 
set when the character is transferred to 
the transmit shift register. TxRDY is reset 
when the transmitter is disabled and is set 
when the transmitter is first enabled, viz., 
characters loaded into the THR while the 
transmitter Is disabled will not be trans- 
mitted. 
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SRA[1] - Channel A FIFO Full (FFULLA) 

— This bit IS set when a character Is trans- 
ferred from the receive shift register to the 
receive FIFO and the transfer causes the 
FIFO to become full, i.e., all three FIFO 
positions are occupied. It is reset when 
the CPU reads the RHR. If a character is 
waiting in the receive shift register be- 
cause the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 

SRA[01 — Channel A Receiver Ready 
(RxRDYA) — This bit indicates that a char- 
acter has been received and is waiting in 
the FIFO to be read by the CPU. It is set 
when the character is transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the RHR, if after this 
read there are no more characters still in 
the FIFO. 

SRB — Channel B Status Register 

The bit definitions for this register are 
identical to the bit definitions for SRA, ex- 
cept that all status applies to the channel 
B receiver and transmitter and the corre- 
sponding inputs and outputs. 

OPCR — Output Port Configur- 
ation Register 

0PCRI71 — 0P7 Output Select — This bit 
programs the 0P7 output to provide one of 
the following: 

— The complement of 0PR[7] 

— The channel B transmitter interrupt 
output, which is the complement of 
TxRDYB. When in this mode 0P7 acts 
as an open collector output. Note that 
this output is not masked by the con- 
tents of the IMR. 

0PCR161 — 0P6 Output Select — This bit 
programs the 0P6 output to provide one of 
the followng: 

— The complement of 0PR[6] 

— The channel A transmitter interrupt 
output, which is the complement of 
TxRDYA. When in this mode 0P6 acts 
as an open collector output. Note that 
this output is not masked by the con- 
tents of the IMR. 

0PCR[5] — OPS Output Select — This bit 
programs the OPS output to provide one of 
the following: 

— The complement of 0PR[5] 

— The channel B receiver interrupt out- 
put, which is the complement of ISR[5]. 
When in this mode OPS acts as an open 
collector output. Note that this output 
is not masked by the contents of tlie 
IMR. 



0PCR[41 — 0P4 Output Select — This bit 
programs the 0P4 output to provide one of 
the following: 

— The complement of 0PR[4] 

— The channel A receiver interrupt out- 
put, which is the complement of ISR[1]. 
When in this mode 0P4 acts as an open 
collector output. Note that this output 
is not masked by the contents of the 
IMR. 

OPCR[3:21 — 0P3 Output Select — This 
field programs the 0P3 output to provide 
one of the following: 

— The complement of 0PR[3] 

— The counter/timer output, in which 
case 0P3 acts as an open collector out- 
put. In the timer mode, this output is a 
square wave at the programmed fre- 
quency. In the counter mode, the out- 
put remains high until terminal count is 
reached, at which time it goes low. The 
output returns to the high state when 
the counter is stopped by a stop 
counter command. Note that this out- 
put is not masked by the contents of 
the IMR. 

— The 1X clock for the channel B trans- 
mitter, which is the clock that shifts the 
transmitted data. If data is not being 
transmitted, a free running 1X clock is 
output. 

— The 1X clock for the channel B receiver, 
which is the clock that samples the 
received data. If data is not being re- 
ceived, a free running 1X clock is out- 
put. 



OPCR[1:01 — 0P2 Output Select — This 
field programs the 0P2 output to provide 
one of the following: 

— The complement of 0PR[2] 

— The 16X clock for the channel A trans- 
mitter. This is the clock selected by 
CSRA[3:0], and will be a 1X clock if 
CSRA[3:0] = 1111. 

— The 1X clock for the channel A trans- 
mitter, which is the clock that shifts the 
transmitted data. If data is not being 
transmitted, a free running 1X clock is 
output. 

— The 1X clock for the channel A receiver, 
which is the clock that samples the 
received data. If data is not being re- 
ceived, a free running 1X clock is out- 
put. 



ACR — Auxiliary Control Register 

ACR[7] — Baud Rate Generator Set Select 

— This bit selects one of two sets of baud 
rates to be generated by the BRG: 

Set1: SO, 110, 134.S, 200, 300, 600, 1.0SK, 

1.2K, 2.4K, 4.8K, 7.2K, 9.6K, and 

38.4K baud. 
Set 2: 75, 110, 134.S, ISO, 300, 600, 1.2K, 

1.8K, 2.0K, 2.4K, 4.8K, 9.6K, and 

19.2K baud. 

The selected set of rates is available for 
use by the channel A and B receivers and 
transmitters as described in CSRA and 
CSRB. Baud rate generator characteristics 
are given in table 3. 
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Table 3. BAUD RATE GENERATOR CHARACTERISTICS 
CRYSTAL OR CLOCK = 3.6864M Hz 



NOMINAL RATE (BAUD) 


ACTUAL 1 ex CLOCK (KHz) 


ERROR (PERCENT) 


50 


0.8 





75 


1.2 





110 


1.759 


-0.069 


134.5 


2.153 


0.059 


150 


2.4 





200 


3.2 





300 


4.8 





600 


9.6 





1050 


16.756 


-0.260 


1200 


19.2 





1800 


28.8 





2000 


32.056 


0.175 


2400 


38.4 





4800 


76.8 





7200 


115.2 





9600 


153.6 





19.2K 


307.2 





38.4K 


614.4 






NOTE 

Duty cycle of 16X clock is 50% 
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ACR[6:4]— Counter/Timer Mode and Clock 
Source Select — This field selects the 
operating mode of the counter/timer and 
its clock source as shown in table 4. 

ACR[3:01 — IP3, IP2, IP1, IPO Change of 
State Interrupt Enable — This field selects 
which bits of the Input Port Change regis- 
ter (IPCR) cause the input change bit in 
the interrupt status register (ISR[7]) to be 
set. If a bit is in the 'on' state, the setting 
of the corresponding bit in the IPCR will 
also result in the setting of ISR[7], which 
results in the generation of an interrupt 
output if IMR[7]=1. If a bit is in the 'off 
state, the setting of that bit in the IPCR 
has no effect on ISR[7]. 

IPCR — Input Port Change 
Register 

IPCR[7:4] — IPS, IP2, IP1, IPO Change of 
State — These bits are set when a change 
of state, as defined in the Input Port sec- 
tion of this data sheet, occurs at the re- 
spective input pins. They are cleared when 
the IPCR is read by the CPU. A read of the 
IPCR also clears ISR[7], the input change 
bit in the interrupt status register. 

The setting of these bits can be program- 
med to generate an interrupt to the CPU. 

IPCR[3:0] — IPS, IP2, IP1, IPO Current State 

— These bits provide the current state of 
the respective inputs. The information is 
unlatched and reflects the state of the In- 
put pins at the time the IPCR is read. 

ISR — Interrupt Status Register 

This register provides the status of all 
potential interrupt sources. The contents 
of this register are masked by the interrupt 
mask register (IMR). If a bit in the ISR is a 
'1' and the corresponding bit in the IMR is 
also a '1', the INTRN output will be as- 
serted. If the corresponding bit in the IMR 
is a zero, the state of the bit in the ISR has 
no effect on the INTRN output. Note that 
the IMR does not mask the reading of the 
ISR — the true status will be provided 
regardless of the contents of the IMR. The 
contents of this register are initialized to 
00i6 when the DUART is reset. 

ISR[7] — Input Port Change Status — This 
bit is a '1' when a change of state has 
occurred at the IPO, IP1, IP2, or IP3 inputs 
and that event has been selected to cause 
an interrupt by the programming of 
ACR[3:0]. The bit is cleared when the CPU 
reads the IPCR. 





Table 4 


ACR [6:4] FIELD DEFINITION 


ACR[6:4] 


MODE 


CLOCK SOURCE 





Counter 


External (IP2) 


1 


Counter 


TXCA — 1X clock of channel A transmitter 


1 


Counter 


TXCB — 1X clock of channel B transmitter 


1 1 


Counter 


Crystal or external clock (X1/CLK) divided by 16 


1 


Timer 


External (IP2) 


1 1 


Timer 


External (IP2) divided by 16 


1 1 


Timer 


Crystal or external clock (X1/CLK) 


1 1 1 


Timer 


Crystal or external clock (X1/CLK) divided by 16 



ISR[6] — Channel B Change in Break — 

This bit, when set, indicates that the chan- 
nel B receiver has detected the beginning 
or the end of a received break. It is reset 
when the CPU issues a channel B 'reset 
break change interrupt' command. 

ISR[5] — Channel B Receiver Ready or 
FIFO Full — The function of this bit is pro- 
grammed by MR2B[5]. If programmed as 
receiver ready, it indicates that a character 
has been received in channel B and is 
waiting in the FIFO to be read by the CPU. 
It is set when the character is transferred 
from the receive shift register to the FIFO 
and reset when the CPU reads the RHR. If 
after this read there are more characters 
still in the FIFO the bit will be set again 
after the FIFO is 'popped'. If programmed 
as FIFO full, it is set when a character is 
transferred from the receive holding regis- 
ter to the receive FIFO and the transfer 
causes the channel B FIFO to become full, 
i.e., all three FIFO positions are occupied. 
It is reset when the CPU reads the RHR. If 
a character is waiting in the receive shift 
register because the FIFO is full, the bit 
will be set again when the waiting charac- 
ter is loaded into the FIFO. 

ISRI4] — Channel B Transmitter Ready — 

This bit is a duplicate of TxRDYB (SRB[2]). 

ISR[S] — Counter Ready — In the counter 
mode, this bit is set when the counter 
reaches terminal count and is reset when 
the counter is stopped by a stop counter 
command. 

In the timer mode, this bit is set once each 
cycle of the generated square wave (every 
other time that the counter/timer reaches 
zero count). The bit is reset by a stop 
counter command. The command, how- 
ever, does not stop the counter/timer. 



ISR[2] — Channel A Change in Break — 

This bit, when set, indicates that the chan- 
nel A receiver has detected the beginning 
or the end of a received break. It is reset 
when the CPU issues a channel A 'reset 
break change interrupt' command. 

ISR[1] — Channel A Receiver Ready or 
FIFO Full — The function of this bit is pro- 
grammed by MR2A[5]. If programmed as 
receiver ready, it indicates that a character 
has been received in channel A and is 
waiting in the FIFO to be read by the CPU. 
It is set when the character is transferred 
from the receive shift register to the FIFO 
and reset when the CPU reads the RHR. If 
after this read there are more characters 
still in the FIFO the bit will be set again 
after the FIFO is 'popped'. If programmed 
as FIFO full, it is set when a character is 
transferred from the receive holding regis- 
ter to the receive FIFO and the transfer 
causes the channel A FIFO to become full, 
i.e., all three FIFO positions are occupied. 
It is reset when the CPU reads the RHR. If 
a character is waiting in the receive shift 
register because the FIFO Is full, the bit 
will be set again when the waiting charac- 
ter is loaded into the FIFO. 

ISR[0] — Channel A Transmitter Ready — 

This bit is a duplicate of TxRDYA (SRA[2]). 



IMR — Interrupt Mask Register 

The programming of this register selects 
which bits in the ISR cause an interrupt 
output. If a bit in the ISR is a '1' and the 
corresponding bit in the IMR Is also a '1', 
the INTRN output will be asserted. If the 
corresponding bit in the IMR is a zero, the 
state of the bit in the ISR has no effect on 
the INTRN output. Note that the IMR does 
not mask the programmable interrupt out- 
puts OP3-OP7 or the reading of the ISR. 
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CTUR and CTLR — Counter/Timer 
Registers 

The CTUR and CTLR hold the eight MSB's 
and eight LSB's respectively of the value 
to be used by the counter/timer in either 
the counter or timer modes of operation. 

In the timer (programmable divider) mode, 
the C/T generates a square wave with a 
period of twice the value (in clock periods) 
of the CTUR and CTLR. If the value in 
CTUR or CTLR is changed, the current 
half-period will not be affected, but subse- 
quent half periods will be. In this mode the 
C/T runs continuously. Receipt of a start 
counter command (read with A3-A0 = 
1111) causes the counter to terminate the 
current timing cycle and to begin a new 
cycle using the values in CTUR and CTLR. 
The counter ready status bit (ISR[3]) is set 



once each cycle of the square wave. The 
bit IS reset by a stop counter command 
(read with A3-A0=1110). The command, 
however, does not stop the C/T. The gen- 
erated square wave is output on OPS if it is 
programmed to be the C/T output. 

In the counter mode, the C/T counts down 
the number of pulses loaded into CTUR 
and CTLR by the CPU. Counting begins 
upon receipt of a start counter command. 
Upon reaching terminal count (OOOOig), the 
counter ready interrupt bit (ISR[3]) is set. 
The counter continues counting past the 
terminal count until stopped by the CPU. If 
0P3 is programmed to be the output of the 
C/T, the output remains high until terminal 
count is reached, at which time it goes 
low. The output returns to the high state 
and ISR[3] is cleared when the counter is 
stopped by a stop counter command. The 



CPU may change the values of CTUR and 
CTLR at any time, but the new count be- 
comes effective only on the next start 
counter command. If new values have not 
been loaded, the previous count values 
are preserved and used for the next count 
cycle. 

In the counter mode, the current value of 
the upper and lower 8 bits of the counter 
may be read by the CPU. It is recom- 
mended that the counter be stopped when 
reading to prevent potential problems 
which may occur if a carry from the lower 
8-bits to the upper 8-bits occurs between 
the times that both halves of the counter 
are read. However, note that a subsequent 
start counter command will cause the 
counter to begin a new count cycle using 
the values in CTUR and CTLR. 
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ABSOLUTE MAXIMUM RATINGS' 



PARAMETER 


RATING 


UNIT 


Operating ambient temperature^ 

Storage temperature 

All voltages with respect to ground^ 


to -1-70 
-65 to -H50 
- 0.5 to -1- 6.0 


°C 

°c 

V 



NOTES 

1 stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device This is 
a stress rating only and functional operation of the device at these or at any other condition above those indicated 
in the operation section of this specification is not implied 

2 For operating at elevated temperatures, the device must be derated based on +150°C maximum junction 
temperature and thermal resistance of 60°C/W junction to ambient for ceramic package (116°C/W for plastic 
package) 

3 This product includes circuitry specifically designed for the protection of its internal devices from damaging ef- 
fects of excessive static charge Nonetheless, it is suggested that conventional precautions be taken to avoid ap- 
plying any voltages larger than the rated maxima 



DC ELECTRICAL CHARACTERISTICS TA = o°cto +70°c, Vcc = 5.0v ±5%''^'^ 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


V,L Input low voltage 








0.8 


V 


V|H Input high voltage (except X1/CLK) 




2.0 






V 


V,H Input high voltage (X1/CLK) 




3.0 






V 


Vol Output low voltage 


loL= 2.4mA 






0.4 


V 


Vqh Output high voltage (except o.c. outputs) 


loH=-400^A 


2.4 






V 


liL Input leakage current 


V,N = OtoVcc 


-10 




10 


/.A 


III Data bus 3-state leakage current 


Vo = OtoVcc 


-10 




10 


/.A 


Iqc Open collector output leakage current 


Vo=OtoVcc 


-10 




10 


/.A 


Ice Power supply current 








150 


mA 



NOTES 

4 Parameters are valid over specified temperature range 

5 All voltage measurements are referenced to ground (GND) For testing, all input signals swing between 4V and 2 4V with a transition time of 20ns maximum All time measure- 
ments are referenced at input voltages of 8V and 2 OV and output voltages of 8V and 2 OV as appropriate 

6 Typical values are at + 25 °C, typical supply voltages, and typical processing parameters 



Signetics 



1-81 



MICROPROCESSOR DIVISION 



JANUARY 1982 



DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES 



AC ELECTRICAL CHARACTERISTICS TA=0<'Cto +70-C, Vcc=5.0V ±50/0^^^^ 



PARAMETER 


TENTATIVE LIMITS 


UNIT 


Min 


Typ 


Max 


Reset Timing (figure 1) 
tpEs RESET pulse width 


1.0 






^s 


Bus Timing (fjgure 2)^ 

tAs A0-A3 setup time to RDN, WRN low 

tAH A0-A3 hold time from RDN, WRN high 

tcs CEN setup time to RON, WRN low 

tcH CEN hold time from RDN, WRN high 

tRw WRN, RDN pulse width 

toD Data valid after RDN low 

toF Data bus floating after RDN high 

tos Data setup time before WRN high 

toH Data hold time after WRN high 

tec Time between READs and/or WRITES 


10 
10 


225 

100 



600 




150 
100 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Port Timing (figure 3f 

tps Port input setup time before RDN low 
tpH Port input hold time after RDN high 
tpD Port output valid after WRN high 








400 


ns 
ns 
ns 


Interrupt Timing (figure 4) 

t|R INTRN (or OP3-OP7 when used as interrupts) high from: 
Read RHR (RXRDY/FFULL interrupt) 
Write THR (TXRDY interrupt) 
Reset command (delta break interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 






300 
300 
300 
300 
300 
200 


ns 
ns 
ns 
ns 
ns 
ns 


Clock Timing (figure 5) 

tcLK X1/CLK high orlow time 

fcLK X1/CLK frequency 

tcTC CTCLK (IP2) high or low time 

fcTC CTCLK (IP2) frequency 

tRx RxC high or low time 

fRx RxC frequency (16X) 

(1X) 
tjx TxC high or low time 
fjx TxC frequency (16X) 

(1X) 


100 
2.0 
200 


220 




220 






3.6864 


4.0 

2.0 

2.0 
1.0 

2.0 
1.0 


ns 
MHz 

ns 
MHz 

ns 
MHz 
MHz 

ns 
MHz 
MHz 


Transmitter Timing (figure 6) 

tjxD TxD output delay from TxC low 

tjcs TxC output skew from TxD output data 


-75 





350 
75 


ns 
ns 


Receiver Timing (figure 7) 

tRxs RxD data setup time to RXC high 

tRXH RxD data hold time from RXC high 


200 
200 






ns 
ns 



NOTES 

4 Parameters are valid over specified temperature range 

5 All voltage measurements are referenced to ground (GND) For testing, all input signals swing between 4V and 2 4V with a transition time of 20ns maximum All time measure- 
ments are referenced at input voltages of 8V and 2 OV and output voltages of 8V and 2 OV as appropriate 

6 Typical values are at + 25 °C, typical supply voltages, and typical processing parameters 

7 Test condition for outputs Cl=150pF 

8 Timing is illustrated and referenced to the WRN and RDN inputs The device may also be operated with CEN as the 'strobing' input. In this case, all timing specifications apply 
referenced to the falling and rising edges of CEN 
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FIGURE 5 
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FIGURE 6 
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NOTES 
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FIGURE 8 
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NOTES 

1. TIMING SHOWN FOR MR1(7) = 1. 

2. SHOWN FOR 0PCR(4)=:1 AND MR1(6)-0. 
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DESCRIPTION 

The Signetics Display Character and 
Graphics Generator (DCGG) is a mask- 
programmable 11,648-bit line select char- 
acter generator. It contains 128 10X9 char- 
acters placed in a 10X16 matrix, and has 
the capability of shifting certain characters, 
such as j, y, g, p and q, that normally extend 
below the baseline. Character shifting, pre- 
viously requiring additional external circuit- 
ry, is now accomplished internally by the 
DCGG; effectively, the 9 active lines are 
lowered within the matrix to compensate for 
the character's position. 

Seven bits of an 8-bit address code are 
used to select 1 of the 128 available charac- 
ters. The eighth bit functions as a chip en- 
able signal. Each character is defined by a 
pattern of logic Is and Os stored in a 10X9 
matrix. When a specific 4-bit binary line ad- 
dress code is applied, a word of 10 parallel 
bits appears at the output. The lines can be 
sequentially selected, providing a 9-word 
sequence of 10 parallel bits per word for 
each character selected by the address in- 
puts. As the line address inputs are sequen- 
tially addressed, the device will automati- 
cally place the 10X9 character in 1 of 2 pre- 
programmed positions on the 16-line matrix 
with the positions defined by the 4-line ad- 
dress inputs. One or more of the 10 parallel 
outputs can be used as control signals to 
selectively enable functions such as half- 
dot shift, color selection, etc. 

The 2670 DCGG includes latches to store 
the character address and line address 
data. A control input to inhibit character 
data output for certain groups of characters 
is also provided. The 2670 also includes a 
graphics capability, wherein the 8-bit char- 
acter code is translated directly into 256 
possible user programmable graphic pat- 
terns. Thus, the DCGG can generate data for 
384 distinct patterns, of which 128 are de- 
fined by the mask programmable ROM. See 
figure 1 for a typical applications display. 



FEATURES 

• 128 10X9 matrix characters 

• 256 graphic characters 

• Optional thin graphics for forms 

• Character and line address latches 

• Internal descend logic 

• SOOnsec character select access 
maximum 

• Control character output inhibit logic 

• Static operation— no clocks required 

• Single 5V power supply 

• TTL compatible inputs and outputs 



PIN CONFIGURATION 









LAO \T 




ll]vcc 


LSTROBE IT 




27] LAI 


CAOlT 




26]lA2 


CA1 \T 




25] LA3 


CA2 IT" 




24] DO 


CA3 [T 




23] D1 


CSTROBE \T 




22] D2 


CA4 \T 




21] D3 


CAS [T 




20] D4 


CA6 Qo 




jUds 


CA7 QT 




Is] D6 


GM [T2 




TtJd? 


SCD Qs 




l6]D8 


QND [14 




T5JD9 




TOP VIEW 





ORDERING CODE 



PACKAGES 


COMMERCIAL RANGES 

Vcc = 5V ± 5%, Ta = 0°C to 70X 


Ceramic DIP 


SC2670*CSI28 


Plastic DIP 


SC2670*CSN28 



NOTE 

Substitute letter corresponding to standard font for '*' in part number for standard parts See back of data sheet Con- 
tact sales office for custom ROM patterns 

BLOCK DIAGRAM 



JL 



CHARACTER LATCH | 



\L 



ADDRESS DECODER 



■ VCC 
- QND 



OUTPUT 
INHIBIT 
CONTROL 



^ 
^ 



READ ONLY 
MEMORY 
(128X91) 



o 



CF 



Ll^ 



TEL 



LINE 
SELECT 
MULTI- 



t-— t , 



^ 



^ 



:> 



LINE ADDRESS 

TRANSLATION ROM 

(32 X 10) 
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PIN DESIGNATION 



MNEMONIC 


PIN NO. 


TYPE 


NAME AND FUNCTION 


CA0-CA7 

CSTROBE 

GM 
LA0-LA3 

LSTROBE 
SCD 

D9-D0 

vcc 

GND 


3-6.8-11 

7 

12 
1, 25-27 

2 
13 

15-24 
28 
14 


1 

1 

1 
1 

1 

• 


1 

1 


Character Address: Eight bit code specifies the character or graphic pattern for which matrix 
data is to be supplied. In character mode (GM=0), CAO thru CA6 select one of the 128 ROM- 
defined characters and CA7 is a chip enable. The outputs are active when CA7= 1 and are tri- 
stated when CA7=0. In graphics mode (GM=1), the outputs are active and CAO thru CA7 
select one of 256 possible graphic patterns to be output. 

Character Strobe: Used to store the character address (CAO thru CA7) and graphics mode 
(GM) inputs Into the character latch Data is latched on the negative going edge of CSTROBE 
Graphics Mode: GM=0 (low) selects character mode, GM=1 (high) selects graphics mode 
Line Address: In character mode, selects one of the 16 lines of matrix data for the selected 
character to appear at the 10 outputs. LAO Is the LSB and LA3 is the MSB. The Input codes 
which cause each of the nine lines of character data to be output are specified as part of the 
programming data for both non-shifted and shifted fonts. Cycling through the nine specified 
counts at the LAO thru LAS inputs cause successive lines of data to be output on DO thru D9 
The 7 non-specified codes for both non-shifted and shifted characters cause blanks (logic 
zeros) to be output. In graphics mode, the line address gates the latched graphics data 
directly to the outputs 

Line Strobe: Used to store the line address data (LAO thru LA3) in the line address latch 
Data Is latched on the negative going edge of LSTROBE 

Selected Character Disable: In character mode, a high level at this input causes all outputs 
(regardless of line address) to be blanks (zeros) for characters for which CA6 and CA5 are 
both 0. A low level input selects normal operation. Inoperative in the graphics mode. 
Data Outputs: Provide the data for the specified character and line. 
-I-5V power supply 
Ground. 



TYPICAL APPLICATION 


♦ sIGNETICS DISPLAY CHARACTER AND GRAPHICS mmm ♦ 
* 1?8 10X9 DOT MATRIX CHARACTERS wITH DESCEND FOR loy^r r..^ 

«ABCDEFGHIJKLMN0PQRSTUvyxYZ[\3tf^abciietqhi.]klffinopqrslyuyxuzf:}-| 
' ♦ UP TO 25b BIT-HAPPED GRAPHIC CHARACTERS (64 IN THIS VERSION) 


* OPTIONAL ^THIN' GRAPHICS FOR FORMS: IX r-^^-|4 

Ci 


i 


r 




Part No. Quant. 


Price 


Total 


A 
L 
E 

s 


1 




1 








CP1234 25 
CX9009 100 
hUU-EhI 50 


34 J6 
0.95 


375.00 

3486.00 

47.50 


1 


1 




FIgu 


76 77 78 79 80 Si 

re 1 
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FUNCTIONAL DESCRIPTION 

The DCGG consists of nine major sections. 
Line and character codes are strobed into 
the line and character latches. The charac- 
ter latch outputs are presented to the three 
sources of data; the ROM through an ad- 
dress decoder, the graphics logic, and the 
output inhibit control. The output inhibit con- 
trol (together with the SCD input) sup- 
presses the ROM data for selected charac- 
ter codes. The outputs from the line latch 
drive the line address translation ROM 
which maps the character ROM data onto 9 
of 16 line positions. Finally, the line select 
multiplexers route the ROM or graphics data 
to the output drivers on DO through D9. 

Character Latch 

The character latch is a 9-bit edge triggered 
latch used to store the character address 
(CAO thru CA7) and graphics mode (GM) 
inputs. The data is stored on the falling edge 
of CSTROBE. Seven latched addresses 
(CAO thru CA6) are inputs to the ROM char- 
acter address decoder. In character mode 
(GM=0), CA7 operates as a chip enable. 
The output drivers are enabled when CA7= 1 
and are tri-stated when CA7=0. In graphics 
mode (GM= 1), the output drivers are always 
enabled and the CAO thru CA7 outputs of the 
latch are used to generate graphic symbols. 

Character Address Decoder 

This circuit decodes the 7-bit character ad- 
dress from the character latch to select one 



of the 1 28 character fonts stored in the ROM 
section of the DCGG. 

Read Only Memory 

The 1 1,648-bit ROM stores the fonts for the 
128 matrix-defined characters. The data for 
each character consists of 91 bits. Ninety 
bits represent the 10X9 matrix and one bit 
specifies whether the character data is out- 
put at the normal (unshifted) lines or at the 
descended (shifted) lines. The 90 data bit 
outputs are supplied to the line select 
multiplexers. The descend control bit is an 
input to the line address translation ROM. 

Graphics Logic 

When the GM input is zero (low), the DCGG 
operates In the character mode. When it is 
one (high), it operates in the graphics mode. 
In graphics mode, output data is generated 
by the graphics logic instead of the ROM. 
The graphics logic maps the latched char- 
acter address (CAO thru CA7) to the outputs 
(DO thru D9) as a function of line address 
(LAO thru LAS). For any particular line ad- 
dress value, two of the CA bits are output: 
CAO, CA2, CA4 or CA6 is output on DO thru 
D4 and CA1, CA3, CAS or CA7 is output on 
D5 thru D9. The outputs are paired: When 
CAO is output on DO thru D4, CA1 is output 
on D5 thru D9 and likewise for CA2-CA3, 
CA4-CA5 and CA6-CA7. 

A ROM within the graphics logic allows the 
specific line numbers for which each pair of 
bits is output to be specified by the custom- 
er. Figure 2 illustrates the general format for 



graphics symbols and an example where 
(CA7 thru CAO) = H'65'. The outputs from 
the graphics logic go to the line select 
multiplexers. The multiplexers route the 
graphic symbol data to the outputs when 
GM= 1. 

Thin Graphics Option 

As a customer specified option, 16 of the 
possible graphic codes (H'80' to H'8F') may 
be used to generate the special graphic 
characters illustrated in figure 3. For each of 
these characters, the vertical component 
appears on the D4 output. The horizontal 
component occurs on Lh which is specified 
by the customer. The vertical components 
specified by CAO and CA2 are output for line 
addresses zero thru Lh and L|-| thru fifteen, 
respectively. 

Line Select Multiplexers 

The ten line select multiplexers select ROM 
data as specified by the line address trans- 
lation ROM when GM=0, or graphics data 
when GM=1. The Inputs to each multiplexer 
are the nine line outputs from the ROM, an 
output from the graphics logic and a logic 
zero (ground). 

Output Drivers 

Ten output drivers with 3-state capability 
serve as buffers between the line select 
multiplexers and external logic. The 3-state 
control input to these drivers is supplied 
from the CA7 latch when GM=0. When 
GM=1, the outputs are always active. 



LINE ADDRESS 


GRAPHICS SYMBOLS— GENERAL FORMAT 

LINE 








Lf=0- 
1 - 
2- 
3- 
4- 
5- 
6- 
7- 
8- 
9- 
10- 
Ll=11 - 


CAO 


CA1 


] 


^■■H 


■ 












\ GROUP 1 1 - ^^^^^H 

3- ^^^^^^H 

GROUP 2 4- ^^^^^^H 


1 










1 










CA2 


CA3 


1 










1 










■^ 








1 


CA4 


CAS 


\ 6- 

GROUP3 7- 










^ta 


■ 










1 










Jl 


CA6 


CA7 


1 ®~ 


I^^^H 


■^ 










\ GROUP 4 10- ^^^^^^1 


H 










1 "- ^^ 

ER 

Figure 2 
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P LINE ADDRESSES ARE { 


JPECIFIEO BY THE CUSTOM 


s 

EX/ 
GR{ 
GR( 
GR< 
GR< 


o 

MPLE 
)UP1 
JUP2 
JUP3 
3UP4 
CES 


•CA 
SPE 
SPE 
SPE 
SPE 
PECIF 


S 
T-C 

:iFiE[ 
:iFiEi 

SIFIE 
CIFIE 
lEDF 


\0 = H'65 
) FOR LINE 
) FOR LINE 
J FOR LINE 
} FOR LINE 
OR LINES 


so, 

S3, 
S6, 
S9, 
12,1 


1.2 
♦,5 
T,B 
10, 1 
3,14 


1 
15 
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Output Inhibit Control 

The output Inhibit control logic operates only 
If GM=0. It causes the output of the line 
select multiplexers to be logic zero if the 
SCD input is high and CA6 and CAS of the 
latched character address are 00. If the 
SCD input is low, normal operation occurs. 
(This feature is useful in ASCII coded appli- 
cations to selectively disable character 
generation for non-displayable characters 
such as line feed, carriage return, etc.) 

Line Address Latch 

The line address latch is a 4-bit latch used 
to store the line address (LA0-LA3). The 
data is stored on the negative edge of the 
LSTROBE input. 

Line Address Translation ROM 

This 32X10 ROM translates the 5-bit code 
consisting of the 4 outputs from the line ad- 
dress latch and the descend control bit from 
the ROM into a 1-of-10 code for the line 
select multiplexers. Programming informa- 
tion provided by the customer specifies the 
address which selects each line of ROM 
data for both shifted and non-shifted char- 
acters. Thus, there are nine line addresses 
which select ROM data for unshifted char- 
acters and nine addresses for shifted char- 
acters. These combinations are usually 
specified by the customer in either ascend- 
ing or descending order. For the remaining 
14 codes (7 each for unshifted and shifted 
characters), the translation ROM forces ze- 
ros at the outputs of the line select 
multiplexers. 

This circuitry only operates if GM=0. When 
GM=1, the line select multiplexers are 
forced to select the outputs from the graph- 
ics logic. 

Figure 4 shows an example of data outputs 
where the customer has specified line 14 as 
the first line for unshifted characters, line 1 1 
as the first line for shifted characters and 
line address combinations in descending 
order. 

CUSTOM PATTERN 
PROGRAMMING INSTRUCTIONS 

A computer-aided technique utilizing 
punched computer cards is employed to 
specify a custom version of the 2670. This 
technique requires that the customer supply 
Signetics with a deck of standard 80-column 
computer cards describing the data to be 
stored in the ROM array, the programmable 
line address translation ROM, thin graphics 
option, and the graphics line font translation 
ROM. 



SPECIAL GRAPHIC CHARACTERS 
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On receipt of a card deck, SIgnetlcs will 
translate the card deck to a truth table using 
the Signetics Computer Aided Design (CAD) 
facility. The truth table and font diagrams 
will then be sent to the customer for final 
approval. On receipt of final approval, 
Signetics will produce masks and proceed 
with manufacturing. 

Programming information can also be input 
on TTY 7-level tape as card images. Each 
card image must be terminated with a car- 
riage return-line feed. An EOT character 
must signify the end of the data set. 

Customer identification cards are always 
labeled with a C in column 1 . For customer 
identification, four cards are required. Any 
number of additional customer identification 
cards are permitted. The following data 
should be included: 



CUSTOMER ID CARD #2 



CUSTOMER ID CARD #5 THRU N 



COLUMN 


DATA 


1 
2 
3-70 


C 

blank 

Customer contact 


71-80 


person name/ 
phone number 
blank 



CUSTOMER ID CARD #3 



COLUMN 


DATA 


1 
2 

3-70 
71-80 


C 

blank 

Any information desired 

blank 



COLUMN 


DATA 


1 
2 

3-70 
71-80 


C 

blank 

Customer address 

blank 



CUSTOMER ID CARD #1 



COLUMN 


DATA 


1 


C 


2 


blank 


3-9 


2670 /CP 


10-14 


blank 


16-70 


Company name/ 




company part number 


71-80 


blank 



CUSTOMER ID CARD #4 



COLUMN 


DATA 


1 
2 
3-70 

71-80 


C 

blank 

Customer city, state, 

zip code 

blank 
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The following masking information cards must be included: 

Mask Information Card #1: 

Shift and Nonshift Character Translation Data 



COLUMN 


DATA 


1-9 


NONSHIFT= 


10 


Line address in hex which outputs the first font 




word for nonshifted ROM fonts 


11 




12 


Line address in hex which outputs the second 




font word for nonshifted ROM fonts 


13 




14 


third 


15 




16 


fourth 


17 




18 


fifth 


19 




20 


sixth 


21 




22 


seventh 


23 




24 


eighth 


25 




26 


ninth 


27-29 


blank 


30-35 


SHIFT= 


36 


Line address in hex which outputs the first font 




word for shifted ROM fonts 


37 




38 


second 


39 




40 


third 


41 




42 


fourth 


43 




44 


fifth 


45 




46 


sixth 


47 




48 


seventh 


49 




50 


eighth 


51 




52 


ninth 


53-59 


blank 


601 


Oor 1 


61-64 


blank 


652 


Oor 1 


66-80 


blank 



NOTES 

1 Column 60 specifies the font truth table horizontal for- 
mat specifies left to right printing of DO thru D9 1 
specifies D9 thru DO 

2 Column 65 specifies the font truth table vertical printout 
format specifies top to bottom printing of line address 
hex thru F 1 specifies hex F thru 



IMASK INFORMATION CARD ^2: 
Graphics Translation Data 



COLUMN 


DATA 


1-14 
15-17 

18-19 
20-23 
24 

25-29 
30-45 

46-80 


THIN GRAPHICS= 

YES or NO0, where |2( = blank. Specifies wheth- 
er graphics address hex 80 thru hex 8F will 
select the special thin graphics font, 
blank 
HOR= 

The line address in hex for the horizontal seg- 
ments of line graphics fonts. Leave blank if col- 
umns 15 thru 17 are NO 
blank 

Graphics group number 1 or 2 or 3 or 4 or blank. 
Columns 30 thru 45 correspond to line address 
hex thru hex F respectively. The group num- 
ber specified in each column will cause the 
graphics data generated by that group to be 
output at the corresponding line address. A 
blank specifies no data for that address, 
blank 



MASK INFORMATION CARD #3 THRU #130: 
ROM Font Data 



COLUMN 


DATA 


1-2 


Character address In hex (CA6 thru CAO)* 


3 


blank 


4 


S for shifted; N for nonshifted. 


5 


blank 


6-8 


Data for first ROM font word in hex (D9 thru DO). 


9 


blank 


10-12 


second 


13 


blank 


14-16 


third 


17 


blank 


18-20 


fourth 


21 


blank 


22-24 


fifth 


25 


blank 


26-28 


sixth 


29 


blank 


30-32 


seventh 


33 


blank 


34-36 


eighth 


37 


blank 


38-40 


ninth 


41-80 


blank 



NOTE 

*A separate card is required for each character address 
hex 00 thru hex 7F 
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Printouts 

Signetics will translate the card deck to the 
following printouts to be submitted to the 
customer for approval: 

• A repeat of all customer information. 

• A separate font drawing for each of the 
128 ROM characters and 256 graphics 
fonts. The font drawings are positioned on 
a 10 X 16 matrix as specified by the cus- 
tomer's translation data. 



SAMPLE CARD DECK INPUT 

SIGNETICS C 2670/CPlOOOPA 2670 TEST RUN OU/16/79 

THIN GRaPHICSsYES H0R=7 
N0NSHIFT=l»2»3.«».S»6i7»B.9 

00 N 022 026 02A 032 OAA 088 

01 N OlC 002 OOC nlO 08E 088 

02 N OlC 002 OOC 010 08E 050 

03 N OlE 002 OOE 002 09E 050 
Of N OlE 002 OOE 002 OlE 0F8 

05 N OlE 002 OOE O02 06E 090 

06 N OOc 012 OlE 012 092 050 

07 N OOE 012 OOE ni2 OOE 010 

08 N OOe 012 OOE 012 OeE 010 

09 N 012 012 OlE 012 012 0F8 
OA N 002 002 002 OlE OFO 010 
OB N 022 022 022 nit 008 0F8 
OC N OlE 002 OOE 002 0F2 010 
00 N OIC 002 002 002 07C 090 
OE N OIC 002 OOC 010 06E 090 
OF N OIC 002 OOC nlO OEE 010 

10 N OOE 012 012 ol2 OOE 010 

11 N OOE 012 012 012 OUt 060 

12 N OOE 012 012 0l2 06E 090 

13 N OOE 012 012 nl2 06E 080 
l"* N OOE 012 012 nl2 OHE 060 

15 N 012 016 OlA nl2 092 050 

16 N OlC 002 OOC 010 08E 050 

17 N OlE 002 OOE 002 07E 090 

18 N OlC 002 002 n02 OIC 090 

19 N OlE 002 OOE 002 OlE 088 
lA N OlC 002 OOC fllO 07E 090 
IB N OlE 002 OOE 002 OlE OEO 
IC N OlE 002 OOE 002 0E2 010 
10 N OlC 002 OlA nl2 OCC 010 
IE N OOE 012 OOE OOA 0F2 010 
IF N 012 012 012 nl2 OEC 010 

20 N 000 000 000 nOO 000 000 

21 N 010 010 010 olO 010 000 

22 N 028 028 028 028 000 000 

23 N 028 028 OFE 028 028 028 
2H N 028 OFC 02A 02A 07C 0A8 

25 N 004 08A Off 020 010 008 

26 N OOC 012 012 OOC OOC 012 

27 N 018 018 008 OOf 000 000 

28 N 020 010 008 O08 008 008 

29 N 008 010 020 020 020 020 
2A N 000 010 OS<f 038 OFE 038 
2B N 000 010 010 OlO OFE 010 
2C S 000 000 000 flOO 000 018 
20 N 000 000 000 000 OFE 000 
2E N 000 000 000 oOO 000 000 
2F N 000 080 QUO 020 010 008 

30 N 038 OHH 0C2 0A2 092 08A 

31 N OlO 0l6 014 OlO 010 010 

32 N 07c 082 060 0<fO 038 004 

33 N 07c 082 080 080 070 060 

34 N 040 060 050 "48 044 OFE 

35 N OFE 002 002 002 07E 080 

36 N 078 064 002 002 07A 086 
3i N OFE 060 080 040 020 010 
36 N 07c 082 082 044 038 044 
39 N 07C 082 062 nC2 OBC 060 
3A N 000 000 000 0l8 018 000 
3B S 000 018 016 oOO 000 018 
3C N 020 010 006 004 002 004 
3D N 000 000 000 oFE 000 000 
3E N 008 010 020 040 080 040 
3F N 07c 062 062 o80 060 010 



1111222233334444 
























SHIFT=3. 


>4.5«6«7.8< 


,9. A. 


B 






















088 


088 


070 


40 


N 


078 


084 


062 


OCA 


08A 


072 


002 


084 


078 


0F6 


088 


088 


41 


N 


010 


028 


044 


062 


082 


OFE 


082 


082 


062 


020 


050 


088 


42 


N 


03E 


044 


084 


044 


03C 


044 


084 


044 


03E 


020 


050 


088 


43 


N 


078 


064 


002 


002 


002 


002 


002 


084 


078 


020 


020 


020 


44 


N 


03E 


044 


084 


064 


084 


084 


084 


044 


03E 


090 


000 


OEO 


45 


N 


OFE 


002 


002 


002 


03E 


002 


002 


002 


OFE 


030 


050 


090 


46 


N 


OFE 


002 


002 


002 


03E 


002 


002 


002 


002 


010 


010 


OFO 


47 


N 


078 


084 


002 


002 


002 


0E2 


062 


0C4 


0B8 


060 


080 


070 


48 


N 


082 


082 


082 


082 


OFE 


082 


082 


082 


082 


020 


CSC 


020 


49 


N 


07C 


010 


010 


mo 


010 


010 


010 


010 


07C 


070 


010 


010 


4A 


N 


OEO 


040 


040 


nto 


040 


040 


042 


042 


03C 


020 


020 


020 


4B 


N 


082 


042 


022 


012 


OOA 


016 


0?2 


042 


082 


070 


010 


010 


4C 


N 


002 


002 


002 


002 


002 


002 


002 


002 


07E 


070 


050 


090 


40 


N 


082 


0C6 


OAA 


092 


092 


082 


082 


082 


082 


090 


090 


060 


4E 


N 


082 


082 


086 


n8A 


092 


0A2 


0C2 


082 


082 


040 


040 


OEO 


4F 


N 


038 


044 


082 


082 


082 


082 


082 


044 


038 


OlO 


010 


OFO 


50 


N 


07E 


082 


082 


082 


07E 


002 


002 


002 


002 


040 


040 


oro 


51 


N 


038 


044 


082 


082 


082 


092 


0A2 


044 


OBO 


040 


020 


OFO 


52 


N 


07E 


082 


082 


082 


07E 


012 


U22 


042 


082 


060 


080 


070 


53 


N 


078 


084 


002 


004 


038 


040 


OflO 


042 


03C 


050 


0F8 


040 


54 


N 


OFE 


010 


010 


OlO 


010 


010 


010 


010 


CIO 


030 


050 


090 


55 


N 


082 


082 


082 


082 


082 


082 


082 


044 


038 


020 


020 


020 


56 


N 


062 


082 


082 


044 


044 


028 


0?8 


010 


UIO 


C70 


090 


070 


57 


N 


OB?. 


082 


082 


082 


082 


092 


09? 


OAA 


044 


CPO 


ODO 


CIQO 


58 


N 


062 


062 


044 


028 


010 


028 


044 


082 


082 


008 


0A8 


0B8 


59 


N 


082 


062 


044 


028 


010 


010 


010 


010 


010 


070 


090 


070 


5A 


N 


OFE 


060 


040 


020 


010 


008 


004 


002 


OFE 


010 


010 


OEO 


5B 


N 


07C 


004 


004 


004 


004 


004 


004 


004 


07C 


060 


080 


070 


5C 


N 


000 


002 


004 


008 


010 


020 


040 


080 


000 


U60 


080 


070 


50 


N 


07C 


040 


040 


040 


040 


040 


040 


040 


07C 


060 


080 


070 


5E 


N 


010 


038 


054 


OlO 


010 


010 


010 


010 


010 


060 


080 


070 


5F 


N 


000 


000 


006 


004 


OFE 


004 


008 


000 


000 


000 


000 


000 


60 


N 


016 


018 


010 


020 


000 


000 


000 


000 


000 


000 


010 


010 


61 


N 


000 


000 


000 


n3c 


040 


07C 


042 


042 


OBC 


000 


000 


000 


62 


N 


002 


002 


002 


03A 


046 


042 


042 


046 


03A 


OFE 


028 


028 


63 


N 


000 


000 


000 


03C 


C42 


002 


002 


042 


03C 


0A8 


07E 


028 


64 


N 


a>io 


040 


040 


05C 


062 


042 


042 


062 


05C 


044 


0A2 


040 


65 


N 


000 


000 


000 


030 


042 


07E 


002 


002 


03C 


0A2 


042 


OBC 


66 


N 


030 


048 


006 


008 


03E 


006 


008 


008 


008 


000 


000 


000 


67 


S 


000 


05C 


062 


042 


062 


05C 


040 


042 


03C 


COB 


010 


020 


66 


N 


002 


002 


002 


03A 


046 


042 


042 


042 


042 


020 


010 


008 


69 


N 


000 


010 


000 


018 


010 


010 


010 


010 


038 


054 


010 


000 


6A 


S 


000 


060 


040 


040 


040 


040 


040 


044 


038 


010 


010 


000 


6B 


N 


002 


002 


002 


022 


012 


OOA 


016 


022 


042 


018 


008 


004 


6C 


N 


016 


010 


010 


OlO 


010 


010 


010 


010 


038 


000 


000 


000 


60 


N 


000 


000 


000 


n6A 


096 


092 


092 


092 


092 


000 


018 


018 


6E 


N 


000 


000 


000 


n3A 


046 


042 


042 


042 


042 


004 


002 


000 


6F 


N 


000 


000 


000 


n3c 


042 


042 


042 


042 


03C 


086 


044 


038 


70 


S 


000 


03a 


046 


0<»2 


046 


03A 


002 


002 


002 


010 


010 


07C 


71 


S 


000 


05C 


062 


042 


062 


05C 


040 


040 


040 


002 


002 


OFE 


72 


N 


000 


000 


000 


03A 


046 


002 


002 


002 


002 


080 


082 


07C 


73 


N 


000 


000 


000 


03C 


042 


OOC 


030 


042 


03C 


040 


040 


040 


74 


N 


000 


008 


008 


OIC 


008 


008 


006 


048 


030 


080 


082 


07C 


75 


N 


000 


000 


000 


042 


042 


042 


042 


062 


05C 


082 


082 


07C 


76 


N 


000 


000 


000 


044 


044 


044 


044 


028 


010 


008 


004 


002 


77 


N 


000 


000 


000 


082 


082 


092 


092 


092 


06C 


082 


082 


07C 


76 


N 


000 


000 


000 


042 


024 


018 


018 


024 


042 


080 


042 


03C 


79 


S 


000 


042 


042 


042 


062 


05C 


040 


042 


03C 


000 


018 


018 


7A 


N 


000 


000 


000 


n7E 


020 


010 


008 


004 


07E 


018 


008 


004 


7B 


N 


030 


006 


006 


006 


004 


008 


008 


008 


030 


008 


010 


020 


7C 


N 


010 


010 


010 


000 


000 


000 


010 


010 


010 


OFE 


000 


000 


70 


N 


018 


020 


020 


020 


040 


020 


020 


020 


016 


020 


010 


008 


7E 


N 


000 


000 


000 


noc 


092 


060 


000 


000 


000 


010 


000 


010 


7F 


N 


OAA 


054 


OAA 


054 


OAA 


054 


OAA 


054 


OAA 
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ABSOLUTE MAXIMUM RATINGS^ 



PARAMETER 


RATING 


UNIT 


Supply voltage 

Operating ambient temperature^ 

Storage temperature 

All voltages with respect to ground^ 


6.0 

to +70 

-66 to +150 

-0.3 to +6.0 


V 
V 



NOTES 

1 Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operation section of this 
specification is not implied 

2 For operating at elevated temperatures, the device must be derated based on + 150°C 
maximum junction temperature and thermal resistance of 60°C/W junction to ambient 
(ceramic package) 

3 This product includes circuitry specifically designed for the protection of its internal 
devices from the damaging effects of excessive static charge Nonetheless it is 
suggested that conventional precautions be taken to avoid applying any voltages 
larger than the maxima 



DC ELECTRICAL CHARACTERISTICS 


Ta = O^'C to 70°C, Vcc = 5.0V ± 5% 1-2.3 














PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


V|L Input low voltage 









0.8 


V 


V|H Input high voltage 




2.0 




Vcc 


V 


Vol Output low voltage 


lO = 1.6mA 







0.45 


V 


Vqh Output high voltage 


lO = -100/iA 


2.4 




Vcc 


V 


l|L Input leakage current 


V|N = to 4.25V 






10 


mA 


Iql Output leakage current 


Vo = 0.4 to 4V 






±10 


mA 


Ice Supply current 


Vcc = 5.25V 




50 


100 


mA 


C|l^ input capacitance 


All other pins grounded 






10 


PF 


Cqut Output capacitance 








15 


PF 


AC CHARACTERISTICS Ta = o°c to +70*'C. Vqc = 5V ± 5% 12.3 


PARAMETER 


TENTATIVE LIMITS 


UNIT 


Min 


Max 


tws Strobe pulse width 


100 




ns 


tAS Address setup 


50 




ns 


tAH Address hold 


25 




ns 


tQA Character select access 




300 


ns 


t|_A Line select access 




500 


ns 


tsEL Chip select delay* 




250 


ns 


tpES Chip deselect delay* 




200 


ns 


tsc Special character blank/unblank time 




1 


^ls 



NOTES 

1 Parameters are valid over operating temperature range unless otherwise specified 

2 All voltage measurements are referenced to ground All time measurements are at 50% 
level for inputs and at the 8V or 2 OV level for outputs Input levels are 45V and 
2 4V 

3 Typical values are at +25°C, typical supply voltages and typical processing 
parameters 

4 Test conditions Cl = lOOpF and 1 TTL load 
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M-mmmm 

TIMING DIAGRAMS 



LSTROBE 


j- 

tAS-^ 






► tAH [-•— 






\^ X 














tL„ -, 




D0-D9 

scd1 I 


] 






CA5,CA6 






-1 




J 

-•tCA«^ 






-*-tCA-»> 


ir: 


D0-D9 

NOTE 

1 WHEN GM= 1 , SCD INPUT IS INACTIVE 






™j 



U-tws-^ 



a 



I 



Ji n 



OUTPUTS TRI-STATE 



NOTE 

1 CA7 OPERATES AS OUTPUT ENABLE ONLY IN CHARACTER MODE ( GM=0 ) 



OUTPUTS ACTIVE 



^ 
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LMluUiLlil 



DaoBDaoaaDaaDOGD 



DDDDDBOnBC 

DDDODBDBDBDDaDOn 



DBOBanaDOoaQDDOD 



IBDaaBODDDDDDODD 



DDDClaDBOBC 



DDDDDaDDDDDnnDDO 



nDDDDDDBDDDDDDan 



DBnBDBDDnaDDDDDn 



OBBBDDBaOaGaDaD 



DDQDDBDBDBnOnDnD 



DBGDDaDGOBC 



DBaGaGDGaBODGDGQ 



anGaDDGnaaaaDGaa 



GBOGaGGGGa 



aGBGGDGQOGGaDGGD 



DGDGGaGDGaaGDDOa 



GGDDGaGGGaDaaaGG 



aGGGGGGGaBGDOGGG 



iBaDGaaaDBGDGnaa 



aoaaaDOGaaaoDOOo 



^DBGoaDaGGGoao 




aGDGGaaaGBQDGDGa 





GGGGBaOGGaGGGGGG 



GGaaaDGGGGGaDDGa 

GGoaaaGGGGODDaaQ 

GGaaGaGGGGGDaaGG 



GDaDBGaaDaGaGDaD 



jaaaaaGGGGOG 





DGQDaaGGDaaGGGGQ 



oGOGaoGaaGaaGGGG 
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UMluUiLlifl 



taaaammamaaaaaa 



oaaaDODaaaaaoaao 



amaoaaaaamaaoaao 



oaaaoaoaanaaaooo 



aaaaaaaaaaaoaaaa 
oaaaommmmoaaaaao 
DaaaaooooaDODQoo 
DaoaaooaaaDoDoao 



0000000000000000 



oooaaaaaaaooaooo 



iDaBOQoaaDDOQao 



oooooaoooooooaGo 



jomaaooaaaaaoa 



amaaaaanamoDn j 



DDDDDaaaDODDm'j 



aDDODDDaDDDDatJT 



□GDDDaaaDQaaoaDa 



oaaaaaaaaaDaaDOD 



QaDDDDnonaaanm': 



DDDaOaDDDDDDDQDD 



DDDDBDOaDDDDanDD 
"■BBBDODDDDaDDOa 



DDBBBBBBBaaaDaGa 

DDoaBBBanaDDnDDD 
DDaanaaBaoDDr""" 



DOaaBDBGGBOaDDGG 



DBOODnDDDBDODDDD 
aBDDDDDaDBDDDDDO 
□DDDaDaDDDDDDaDD 



aDDDDBaDaDDDDGDn 



aBBODoaaaBoaaDaD 



□OaaoDBBODDDUDDD 

DaaaaBDDBuaDDDDO 

""laBODODBDOaDDa 



DDDDDBOBDBac 



aDDaaaaaaaaDDDDu 



QDBDDDaaBDaDDDDQ 



DDnDDDDDDDDDDDDD 



DDDDDDDBOBDC 



IQDDBanDDDDODDD 



aaaaoammaaoaaoac 



aaaaoaaaaaaaaaaa 



□DDDDaOaDDDOaODD 



IBBDDCDDDa 



DDDDDDBDDaDDaoaD 



DaaaaaoBBOGDDaoa 



aDBDDDaaBDaaDDDD 



'janDnmnaDj j 



OBDBDBDDDDQaDDDa 



naDBQDBoaDDaDDDa 
□naaBOBQDDDDaDDD 



DDDDDDDnDaDDaDna 
DaODDaDDODDDDDaD 



IDBDaDDDnaDDO 



DDaaaaoBODDDDaDD 



IBBBBBGaaDDDGaOD 



DDBDanaaaaDDDaGa 



DnBDaaDDBDDDDDDD 



DDaoaaaaaDGDDDDD 



QQDDDDDaDQDDDaaD 



DoaaDDDDaaaaanaD 






WBBaBGDBaoaDaa 



_ nBODBaaonDonDnD 
aDaononDnaaoDDDr 



laaBDDDQaDaoDaD 



DDDDDaODnnODDDDn 



GaDDaDDODDODDnDD 

GaGDnaGGGonoaaan 
DDGaaGGDGaanGGGa 



GaaaGGBDGBGc: 



DDBQOGaBGQOaGG 



GGGaGaGODGOGGOaG 

"^GaGaGGaaDaoGGG 

IBBBGGGGGOGGDGG 

-jaaaaGGQaGaoDQG 

aBQGDBDaGaQGGQaG 



DQDaBDDDBGDQQOGa 



0<9 
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jEnasm 



mmmummmmoaaaaaaa 



mmmmmmmmaaaoaaaa 



■•••DGDaoDPaqciDD 

■ ■■■OODaaDDDClODO 



;:»::;§[ 



aaaammumooaoaaao 



aoDammmmaoaaoaaa 



mmmmoaaaaoaaaaaa 




mmmmmmmmaoaoaoaa 



■■■■■■■■■■■■ODDD 



aoDDaaBBaaaaDaaD 



■■■■■■■■QODaODDa 



■■QODDBBBBOOOO 



aaDaaBBaoDDoaoDQ 



QDaaaaaaaaaaaaaa 



DDaaaODDDDD 



QODaaaaaaai. 

anaaaaaaaaaac 



DDDQaaaaaaaaoaaD 



aaaaaaaaaaaaaooD 




Doaaaac 



□oaoaaaaaaaaaDoo 



■aaaaaaaoaaaooo 



•aaaaaaaaaoD 



DDoaaoaaaaaaoooG 



aaa aaoammmmaoaa 



DDDoaaaaoDDaaaoD 



laaaaaoaaaaoaaa 



■aoopoDQc 




aaaaaaaaoDc 

aiaaaaaaoDc 



laaaaaaaoanp 



aaaDDDDaaaaaaao 



aaaaaaaaaaaaaaoa 



DDaaaaaaaaaaoDaa 



QODDaaaaaaaaDC 



aaaaaooaaaaaaana 



aaaaaDOGaaaaaoaD 




aaaaaaaaDaauaai 



aaaaaaaaaaoDODOD 



aaaaaa 
aaaaoa 



;::s: 



aaaaaoaaauGaGGDn 



aaaaDDaaaaDDaaaD 



aaaaaaaaaoaaaai 



iDDoaDaaaaaaa 



aaaaDoaaaaoDaaaa 





aaaaoaDDoaaaaai 



oaoaaaaaaai 
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DESCRIPTION 

The Signetics 2671 Programmable Key- 
board and Communications Controller 
(PKCC) is an MOS LSI device which pro- 
vides a versatile keyboard encoder and an 
independent full duplex asynchronous com- 
munications controller. It is intended for use 
in microprocessor based systems and pro- 
vides an eight bit data bus interface. 

The keyboard encoder handles the scan- 
ning, debounce, and encoding of a keyboard 
matrix with a maximum of 128 keys. It pro- 
vides four levels of key encoding corre- 
sponding to the separate SHIFT and CON- 
TROL input combinations. Four keyboard 
rollover modes can be programmed includ- 
ing provisions for up to 16 latched keys. 
Control outputs are provided for interfacing 
with contact or capacitive keyboards. An 
eight bit keyboard status register provides 
status information to the CPU. 

The receiver section of the communications 
controller accepts serial data from the RxD 
pin and converts it to parallel data charac- 
ters. Simultaneously, the transmitter section 
accepts parallel data from the data bus and 
outputs serialized data onto the TxD pin. Re- 
ceived data is checked for parity and fram- 
ing errors, and break conditions are flagged. 
Character lengths can be programmed as 5, 
6, 7, or 8 bits not including parity, start or 
stop bits. An internal baud rate generator 
(BRG) with 16 divider ratios can be used to 
derive the receive and /or transmit clocks. 
The BRG can accept an external clock or 
operate directly from a crystal. An eight bit 
communications status register provides 
status information to the CPU. 

The PKCC has an interrupt mask register to 
selectively enable certain keyboard and 
communications status bits to generate in- 
terrupts. Priority encoded interrupt 
vectoring is available. Upon receipt of an 
interrupt acknowledge, an interrupt vector 
will be output on D0-D7 reflecting the source 
of the interrupt. The interrupt source can 
also be read from an interrupt status regis- 
ter. 



FEATURES 

• Keyboard interface 

Contact or capacitive Iceyboard 
Up to 128 Iceys on an 8 X 16 matrix 
Encoded or unencoded operation 
Four code levels per key 
Latched key option— separate 

depress and release codes 
Programmable scan rate and debounce 

time 
Programmable rollover modes 
Programmable auto-repeat for 

selected keys 
Tone output — two frequencies 

• Asynchronous communication 

interface 
Internal baud rate generator— 16 rates 
Full duplex operation 
Detection of start and end of break 
Programmable break generation 
Programmable character parameters 
Auto-echo and maintenance loopback 

modes 

• Polled or interrupt operation 

• Interrupt priority controller and vector 

generator 

• Operates directly from crystal or 

external clocks 

• TIL compatible 

• Single +5 volt power supply 

• 40 pin dual in-line package 

APPLICATIONS 

• CRT terminals 

• Hard copy terminals 

• Word processing systems 

• Data entry terminals 

• Small business computers 

FUNCTIONAL DESCRIPTION 

The PKCC consists of six major sections 
(see block diagram). These are the trans- 
mitter, receiver, timing, operation control, 
keyboard encoder, and a priority encoded 
interrupt control unit. These sections com- 
municate with each other via an internal 
data bus and an internal control bus. The 
internal data bus interfaces to the 
microprocessor data bus via a bidirectional 
data bus buffer. 



PIN CONFIGURATION 



ORDERING CODE 









hyS [T 




40] Vcc 


KDRES [T 




39] RxD 


KCLK \T 




38] TxD 


KC3 \T 




371 XTAL2/BRCLK 


KC2 \T 




36] XTAL1 


KC1 \T 




35] RXC 


KCO [T 




34] TXC 


KR2 [T 




33] A2 


KR1 |T 




32] A1 


KRO Qo 




"STj AO 


REPEAT [TT 




30] CI 


SHIFT [l2 




29] RD 






28] WR 


TONE [lT 




27] INTA 


KRET ni" 




215] D7 


DO [Te 




25] D6 


D1 Of 




24! D5 


D2 01 




23] D4 


D3 [T? 




22] IF4TR 


vssHI 




TT] XiNTR 




TOP VIEW 





PACKAGES 


COMMERCIAL RANGES 
Vcc= 5V ±5%, Ta= ox to 70°C 


Ceramic DIP 


SC2671ACSI40 


Plastic DIP 


SC2671ACSN40 



Operation Control 

This functional block stores configuration 
and operation commands from the CPU and 
generates appropriate signals to various in- 
ternal sections to control the overall device 
operation. It contains read and write circuits 
to permit communications with the 
microprocessor via the data bus and con- 
tains mode registers KMR and CMR, the 
command decoder, and status registers 
KSR and CSR. Details of operating modes 
and status information are presented in the 
Operation section of this data sheet. The 
register addressing is specified in table 1. 

Timing 

The PKCC contains a baud rate generator 
(BRG) which is programmable to accept ex- 
ternal transmit or receive clocks or to divide 
an external clock to perform data communi- 
cations. The unit can generate 16 baud 
rates, any of which can be selected for full 
duplex operation. The external clock to the 
baud rate generator can be applied directly 
to the XTAL2 input (see figure 21) or can be 
generated internally by connecting a crystal 
across the XTAL1, XTAL2 input pins. The 
clock input is also utilized by the keyboard 
encoder section. Thus, a clock must be pro- 
vided even if external transmitter and re- 
ceiver clocks are used. 
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PIN DESIGNATION 



MNEMONIC 


PIN NO. 


TYPE 


NAME AND FUNCTION 


D0-D7 


16-19, 
23-26 


I/O 


Data Bus: 8-bit three-state bidirectional data bus. All data, command and status transfers are 
made using this bus. DO is the least significant bit; D7 is the most significant bit. 


A0-A2 


31-33 


1 


Address Lines: Used to select internal PKCO registers or commands. 


RD 


29 


1 


Read Strobe: When low, gates the selected PKCO register onto the data bus if CE is also low. 


WR 


28 


' 


Write Strobe: When low, gates the contents of the data bus into the selected PKCC register if 
CI is also low. 


^ 


30 


• 


Chip Enable: When high, places the D0-D7 output drivers in a three-state condition. If ^ is 
low, data transfers are enabled in conjuction with the RD and WR inputs. 


INTR 


22 





interrupt Request: Several conditions may be programmed to request an interrupt to the 
CPU. It is an active low open-drain output. This pin will be inactive after power on reset or a 
master reset command. 


INTA 


27 


1 


interrupt Acicnowledge: Used to indicate that an interrupt request has been accepted by the 
CPU. When INTA goes low, the PKCC outputs an 8-bit address vector on D0-D7 corresponding 
to the highest priority interrupt currently active. 


XiNTR 


21 


' 


External interrupt: An active low external interrupt input to the PKCC interrupt priority 
resolver. 


TxC 


34 


I/O 


Transmitter Clock: The function of this pin depends on bit 7 of the baud rate control register 
(BRR7). If external transmitter clock is selected (BRR7 - 0), it is an input for the transmitter 
clock. If internal transmitter clock is selected (BRR7 = 1), this pin is an output which is a 
multiple of the actual baud rate (IX, 16X) as selected by BRR5. The data is transmitted on the 
falling edge of TxC. It is an input after power on and after master reset or communications 
reset commands. 


RxC 


35 


I/O 


Receiver Clock: The function of this pin depends on BRR6. If external receiver clock is 
selected (BRR6 = 0), it is an input for the receiver clock. If internal receiver clock is selected 
(BRR6 » 1), this pin is an output which is a multiple of the actual baud rate (IX, 16X) as 
selected by BRR4. The received data is sampled on the rising edge of RxC. It is an input after 
power on and after master reset or communications reset commands. 


TxD 


38 





Transmitter Data: This output is the transmitted serial data; the least significant bit is 
transmitted first. This pin is high after power on reset or a reset command that affects the 
transmitter. 


RxD 


39 


• 


Receiver Data: This input is the serial data input to the receiver. The least significant bit is 
received first. 


XTAL1 
XTAL2/BRCLK 


36.37 




Connections for Crystal: Provides an on-chip clock generator for the internal baud rate 
generator and the keyboard interface logic. If an external clock is provided, use XTAL2 as the 
clock input. See figures 20 and 21. 

All timing parameters such as keyboard scan time, tone frequency, and baud rate assume a 
clock input at the specified BRG input frequency. If this frequency is different, the timing 
parameters will vary proportionately. 


KRO-KR2 


10-8 





Keyboard Row Scan: Decoded externally; selects one of eight rows. 


KC0-KC3 


7-4 





Keyboard Column Scan: Decoded externally; selects one of 16 columns. 


KRET 


15 


1 


Key Return: An active high level indicates that the key being scanned is closed. 


SHIFT 


12 
13 


. 


SHIFT Key: Active low input from the SHIFT key. The combination of SHIFT and CONTROL 
inputs select one of four possible codes from the internal key encoding ROM. 

CONTROL Key: Active low input from the CONTROL key. The combination of SHIFT and 
CONTROL inputs select one of four possible codes from the internal key encoding ROM. 


CONTf^OL 
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PIN DESIGNATION (Cont.) 





11 


' 




REPEAT 


REPEAT Key: Active low input from the REPEAT key. Causes the key depression currently 
active to be repeated at a rate of approximately 15 times per second. 


KCLK 


3 





Keyboard Clock: High frequency (approximately 400 kHz) output used to scan capacitive 
keyboards. 


KDRES 


2 





Key Detect Reset: Resets the analog detector before scanning a key. Used for capacitive 
keyboards. 


HYS 


1 





Hysteresis Output: Sent to the analog detector for capacitive keyboard applications. A low 
indicates the key currently being scanned has been recognized on previous scan cycles. 


TONE 


14 





Square Wave Output: Used for tone generation. 


vcc 


40 


1 


+5V power supply. 


vss 


20 


1 


Ground. 



Receiver 

The receiver accepts serial data on the RxD 
pin, converts this serial Input to parallel for- 
mat, checks for break conditions, framing 
and parity errors, and loads an "assembled" 
character in the receive holding register for 
access by the CPU. 

Transmitter 

The transmitter accepts parallel data load- 
ed by the CPU Into the transmit holding reg- 
ister and converts it to a serial bit stream 
framed by the start bit. calculated parity bit 
(if specified), and stop bit(s). The compos- 
ite serial stream of data is transmitted on 
the TxD output pin. 

Keyboard Encoder 

The keyboard encoder provides encoded 



scanning signals for a matrix keyboard. Key 
depressions are detected on the KRET in- 
put. The debounced and verified key codes 
(or matrix addresses) are loaded into the 
key holding register for access by the CPU. 
Figures 1 and 2 illustrate the PKCC interface 
to contact and capacitive keyboards, re- 
spectively. 

Interrupt Control 

The interrupt controller unit contains a soft- 
ware programmable interrupt mask register 
which selectively enables status conditions 
from the keyboard encoder and communica- 
tion controller to generate interrupts. The 
interrupts are priority encoded and individ- 
ually generate an eight bit vector which is 
output on the data bus in resp onse to a CPU 
interrupt acknowledge on the INTA input pin. 



m 


A2 


A1 


AG 


RD/WR 


FUNCTION 


1 


X 


X 


X 


X 


Three-state data bus 














WR 


Reset command (see table 6) 














m 


Read interrupt status register (ISR) 











1 


RD, WR 


Read/write communications mode register 
(CMR) 








1 





WR 


Write transmit holding register (TxHR) 








1 





RD 


Read receiver holding register (RxHR) 








1 




WR 


Write baud rate mode register (BRR) 








1 




RD 


Read communications status register (CSR) 













MB.WR 


Read /write interrupt mask register (IMR) 












RD, WR 


Read /write keyboard mode register (KMR) 







1 





RD 


Read keyboard holding register (KHR) 







1 




RD 


Read keyboard status register (KSR) 







1 




WR 


Miscellaneous commands (see description) 


NOTE 
X-d 


>n*t care 











OPERATION 
Keyboard Encoder 

The keyboard is continuously scanned by 
KC0-KC3 and KR0-KR2 which are decoded 
externally to handle 128 possible keys (see 
figures 1 and 2). KC0-KC3 select one of 16 
columns and KR0-KR2 multiplex the eight 
row return lines into the KRET pin. 
Debouncing is accomplished by remember- 
ing a 1 state at the KRET pin when a key is 
being addressed and verifying it one scan 
later. Once the key is verified, a key code is 
loaded into the keyboard data register 
(KDR). If the keyboard holding register 
(KHR) is empty, the contents of the KDR will 
be transferred to the KHR immediately; if the 
KHR IS full (i.e., the CPU has not read the 
previous key code), the transfer will be held 
off until the KHR is read. The data transfer to 
the KHR causes keyboard data ready 
(KRDY) to be set in the keyboard status 
register. 

For capacitive keyboards, the high frequen- 
cy output KCLK can be used to gate the 
column scan to the keyboard (see figure 2). 
The key detector reset (KDRES) output 
resets the analog detector prior to scanning 
each key location. The output from the ana- 
log multiplexer is sensed and then latched in 
the analog detector. The HYS output con- 
trols the sense level. A will lower the 
sense level causing hysteresis, and a 1 will 
raise the sense level with no hysteresis. 



Table 1. 2671 REGISTER ADDRESSING 



Signetics 



The REPEAT input enables the keyboard 
logic to recognize any key repeatedly, 15 
times per second. Additionally, certain keys 
can be programmed to repeat automatically 
if depressed for more than one-half second. 

A square wave is output on the TONE pin 
when the CPU issues a ring tone command 
to the PKCC. 
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OPERATION CONTROL 



COMMAND DECODER 
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XINTR - 
iNTA - 



INTERRUPT CONTROL 



VECTOR GENERATOR 
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BAUD RATE 
CONTROL 
REGISTER 



XTAL1/BRCLK - 
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KEYBOARD ENCODER 



KEYBOARD 

SCANNER & 

ENCODER / DECODER 



4X128X8 
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KEYBOARD 

DATA 
REGISTER 
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CONTACT KEYBOARD INTERFACF 








KRET 
KR2-0 

PKCC 

KG 3-0 
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DIGITAL MULTIPLEXER 
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8 ROWS 








1 OF 16 
DECODE 






16 
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^v 










' 
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FIgun 


Jl 




CONTACT 

KEYBOARD 

MATRIX 





CAPACITIVE KEYBOARD INTERFACE 



g- 



■^ 



ANALOG MULTIPLEXER 



:> 



\. 



V 



CAPACITIVE 
KEYBOARD 
MATRIX 



Figure 2 



Keyboard Mode Register 

Operating modes are selected by program- 
ming the l<eyboard mode register (KMR), 
whose format is illustrated in figure 3. 

Bit KMR7 is used for testing the device. For 
normal operation, this bit should always be 
written to a 0. 



Bits KMR6-KMR5 select the rollover modes 
for keyboard processing: 

N-key Rollover: In this mode, the code 
corresponding to each key depression is 
loaded into the KDR as soon as that key 
is debounced, independent of the re- 
lease of other keys. Two or more clo- 
sures occurring within one scan cycle 
are considered to be simultaneous, 
which will set keyboard error in the key- 
board status register (KSR 1 ). As soon as 
the keyboard holding register is empty, 



the code in the KDR is transferred to the 
KHR and the KRDY status bit is set 
(KSRO). 

N-Key Rollover With Latched Keys: This 
mode is the same as regular N-key 
rollover, except that the keys which are 
assigned to row of the keyboard matrix 
(KR2-KR0 = 000) produce a code both 
when depressed and when released. The 
codes are independent of the states of 
the inputs at SHIFT and CONTROL. If one 
or more of the latched keys are de- 
pressed when the keyboard is enabled 
(after a keyboard reset), the corre- 
sponding codes will be sent out as the 
keys are scanned and debounced. Note 
that simultaneous latched keys will not 
set KERR (KSR1) and that latched keys 
will not be auto-repeat and will not be 
affected by the REPEAT input. 

Two-Key Rollover: The first key code is 
loaded into the KDR immediately and the 
second code is loaded only after the first 
key is released. Simultaneous keys will 
set KERR (KSR1). If three or more keys 
remain closed at any given time, the 
KERR bit will also be set. All keys must 
then be released before the next KRET 
will be processed. 

Two-Key Inhibit: All keys must be re- 
leased between keystrokes; otherwise, 
KERR (KSR1) will be set. 

Bit KMR4 specifies the key encoding mode. 
Each key is assigned four 8-bit codes, cor- 
responding to the states of the SHIFT and 
CONTROL Inputs. If the encoded mode is 
programmed, the row /column address of 
the detected key is used to load one of the 
four key codes into the KDR. See table 2 for 
key code assignments. If the non-encoded 
mode is programmed, the row/column ad- 
dress is loaded directly into the KDR with 
the following format: 



7 


6 


5 


4 


3 


2 


1 






'!^KR2, KR1. KRO 
-KC3. KC2. KC1, KCO 



"0" for momentary keys 
"1" for latched keys release 
"0" for latched keys depress 
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3C 


< 


7F 


DEL 


20 


SP 


7 


F7 


D7 


37 


7 


15 


NAK 


OA 


LF 


2C 




7F 


DEL 


20 


SP 




E7 


C7 


27 


' 


55 


U 


4A 


J 


3C 


< 


7F 


DEL 


20 


* SP 




F7 


D7 


37 


7 


75 


u 


6A 


J 


2C 




7F 


DEL 


20 


• SP 




E8 


C8 


28 


( 


09 


HT 


OB 


VT 


3E 


> 


OA 


LF 


OB 


VT 


8 


F8 


D8 


38 


8 


09 


HT 


OB 


VT 


2E 


, 


OA 


LF 


OB 


VT 




E8 


C8 


28 


( 


49 


1 


4B 


K 


3E 


> 


OA 


LF 


OB 


♦ VT 




F8 


D8 


38 


8 


69 


1 


6B 


k 


2E 




OA 


LF 


OB 


• VT 




E9 


C9 


29 


) 


OF 


SI 


OC 


FF 


3F 


? 


OD 


CR 


OA 


LF 


9 


F9 


D9 


39 


9 


OF 


SI 


OC 


FF 


2F 


/ 


OD 


CR 


OA 


LF 




E9 


C9 


29 


) 


4F 





4C 




3F 


? 


OD 


CR 


OA 


* LF 




F9 


D9 


39 


9 


6F 





6C 




2F 


/ 


OD 


CR 


OA 


» LF 




EA 


CA 


37 


7 


34 


4 


31 




30 





AO 




A6 




A 


FA 


DA 


37 


7 


34 


4 


31 




30 





BO 




B6 






EA 


CA 


37 


7 


34 


4 


31 




30 





AO 




A6 






FA 


DA 


37 


7 


34 


4 


31 




30 





BO 




B6 






EB 


CB 


38 


8 


35 


5 


32 


2 


2E 




A1 




A7 




B 


FB 


DB 


38 


8 


35 


5 


32 


2 


2E 




B1 




B7 






EB 


CB 


38 


8 


35 


5 


32 


2 


2E 




A1 




A7 






FB 


DB 


38 


8 


35 


5 


32 


2 


2E 




B1 




B7 






EC 


CC 


39 


9 


36 


6 


33 


3 


BF 




A2 




A8 




C 


FC 


DC 


39 


9 


36 


6 


33 


3 


AF 




B2 




B8 






EC 


CC 


39 


9 


36 


6 


33 


3 


9F 




A2 




A8 






FC 


DC 


39 


9 


36 


6 


33 


3 


8F 




82 




B8 






ED 


CD 


90 




93 




82 




95 




A3 




A9 




D 


FD 


DD 


90 




93 




82 




95 




B3 




B9 






ED 


CD 


90 




93 




82 


• 


95 




A3 




A9 






FD 


DD 


90 




93 




82 


♦ 


95 




B3 




B9 






EE 


CE 


91 




80 




84 




81 




A4 




AA 




E 


FE 


DE 


91 




80 




84 




81 




B4 




BA 






EE 


CE 


91 




80 


• 


84 




81 


• 


A4 




AA 






FE 


DE 


91 




80 


♦ 


84 




81 


* 


84 




BA 






EF 


CF 


92 




94 




83 




96 




A5 




AB 




F 


FF 


DF 


92 




94 




83 




96 




B5 




6B 






EF 


CF 


92 




94 




83 


• 


96 




A5 




AB 






FF 


DF 


92 




94 




83 


* 


96 




B5 




BB 





This row contains the latched 
keys when that mode is selected 
(KMR6, KMR5 = 00) 




Key codes in hex 



TABLE 2. Standard Key Codes (HEX) 



Latched key code for release 
Latched key code for depress 



ASCII equivalent (if any) 

* Indicates Auto-Repeat keys 
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KEYBOARD MODE REGISTER FORMAT 



KMR 7 6 5 4 3 2 1 



Test mode 



1 = Enable 
= Disable 



Rollover modes 

00 = N-key with 

latched keys 

01 = N-Key 

10 = Two key 

1 1 = Two key 

inhibit 



= Encoded 

keyboard 

1 = Non encoded 

keyboard 



Figure 3 
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= 1kHz 

1 = 2kHz 








Key 

MATRIX 

SIZE 


SCAN 
TIME 




KMR2 KMR1 








1 

1 

1 1 


128 
128 
80 
80 


10ms 
2.5ms 
6.4ms 
1.6ms 



Auto repeat 

= Disable 

1 = Enable 



Bit KMR3 enables the auto-repeat mode. In 
this mode, if a key that is programmed for 
auto-repeat is depressed for longer than 
one-half second, the key code will be load- 
ed into the KDR approximately 15 times per 
second until that key is released. Only the 
non-contro l key codes will auto-repeat, i.e. 
CONTROL = 1 . Table 2 specifies the auto- 
repeat keys. 

KMR2 and KMR1 select the key matrix size 
and debounce time (scan rate). The key- 
board row outputs (KR2, KR1, KRO) always 
scan from to 7. The column outputs (KC3, 
KC2. KC1, KCO) scan from to 15 for a 128 
key matrix and from to 9 for an 80 key 
matrix. 

KMRO selects between a 1kHz and 2kHz fre- 
quency to be output on the TONE pin In re- 
sponse to a ring tone command. 

Keyboard Status Register 

The keyboard status register (KSR) pro- 
vides operational feedback to the CPU. Its 
format is illustrated in figure 4. 

KSR7, 6 and 4 reflect the st ate of the in puts 
at the corresponding pins. CONTROL and 
SHIFT are latched at the time the key is 
accepted. As the verified codes are loaded 
into the KDR, the corresponding states of 
CONT ROL and SHIFT are loaded into the 
KSR. REPEAT is updated on every matrix 



sample. The status bits are the comple- 
ments of the input levels. 

KSR5 reflects the state of the internal shift 
lock flag which is controlled by the 
set /reset shift lock commands. 

KSR3 indicates that the keyboard controller 
is enabled. It is controlled by the set /clear 
keyboard enable command. 

Keyboard overrun (KSR2) is set when both 
the KHR and KDR are full and a third key is 
validated. The original content of the KHR is 
preserved and the content of the KDR is 
overwritten with the new key code. This bit 
can be specified (by IMR1) to generate an 



interrupt and is cleared by the reset com- 
mand with D2 = 1 . 

Keyboard error (KSR 1) is set when the oper- 
ator depresses more keys than are allowed 
in the selected rollover mode, or when keys 
are depressed simultaneously (within one 
scan cycle). This bit can be specified (by 
IMR3) to generate an interrupt and is 
cleared by the reset command with D1 - 1. 

Keyboard data ready (KSRO) is set when 
the key code or address is transferred from 
the KDR to the KHR. This bit can be speci- 
fied (by IMR2) to generate an interrupt. It is 
cleared when the CPU reads the KHR. 



KEYBOARD STATUS REGISTER FORMAT 



KSR 7 6 5 4 3 2 1 



CONTROL - 
SHIFT 



SHIFT LOCK 
REPEAT 



Figure 4 



Signetics 



KRDY 

• KERR 

• KOVR 

• Keyboard Enabled 
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Communications Controller 

The communications controller section of 
the PKCC comprises a full duplex asynchro- 
nous receiver/transmitter (UART) with a 
baud rate generator. Registers associated 
with these elements are the communica- 
tions mode register (CMR), the baud rate 
control register (BRR), and the communica- 
tions status register (CSR). 

Receiver 

The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel for- 
mat, checks for start bit, stop bit, parity bit 
(if any), or break condition, and presents the 
assembled character to the CPU. The re- 
ceiver looks for a high to low (mark to 
space) transition of the start bit on the RxD 
input pin. If a transition is detected, the state 
of the RxD pin is sampled again after a delay 
of one half of the bit time. If RxD is then high, 
the start bit is invalid and the search for a 
valid start bit begins again. If RxD is still low, 
a valid start bit is assumed and the receiver 
continues to sample the input at one bit time 
intervals at the theoretical center of the bit, 
until the proper number of data bits and the 
parity bit (if any) have been assembled, and 
one stop bit has been detected. The least 
significant bit is received first. The data is 
then transferred to the receive holding reg- 
ister (RxHR) and the RxRDY bit in the CSR is 
set to a 1 . If the character length is less than 
eight bits, the most significant unused bits in 
the RxHR are set to zero. 

After the stop bit is detected, the receiver 
will immediately look for the next start bit. 
However, if a non-zero character was re- 
ceived without a stop bit (i.e. framing error) 
and RxD remains low for one half of the bit 
period after the stop bit was sampled, then 
the space is interpreted as a start bit. 

The parity error, framing error and overrun 
error (if any) are strobed into the CSR at the 
received character boundary. If a break con- 
dition is detected (RxD is low for the entire 
character including the stop bit) only one 
character consisting of ail zeros will be 
transferred to the RxHR and the received 
break bit in the CSR is set to 1 (RxRDY is not 
set when a break Is received ). Th© RxD 
input must return to a high condition for one 
bit time before a search for the next start bit 
begins. 

Transmitter 

The transmitter accepts parallel data from 
the CPU and converts it to a serial bit stream 
on the TxD output pin. It automatically sends 
a start bit followed by the data bits, an op- 
tional parity bit, and the programmed num- 
ber of stop bits. The least significant bit is 
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sent first. Following the transmission of the 
stop bits, if a new character is not available 
In the transmit holding register (TxHR), the 
TxD output remains high and the TxEMT bit 
in the CSR will be set to 1. Transmission 
resumes and the TxEMT bit is cleared when 
the CPU loads a new character into the 
TxHR. The transmitter can be forced to send 
a continous low condition by a transmit 
break command. 

If the transmitter is disabled, it continues 
operating until the character currently being 
transmitted is completely sent out. 

Communication Mode Register 

Figure 5 illustrates the bit format of the 
CMR, which controls the operational mode 
of the communications controller and the 
character parameters. 

Bits CMR1-CMR0 select a character length 
of 5, 6, 7, or 8 bits. The character length 
does not include the parity, start, or stop 
bits. 

CMR2 selects the transmitted character 
framing as one or two stop bits. The receiver 
always checks for one stop bit. 

The parity format is selected by bits CMR4 
and CMR3. If parity or force parity is select- 
ed, a parity bit is added to the transmitted 
character and the receiver performs a parity 
check on incoming data. CMR5 selects odd 
or even parity and determines the polarity of 
the parity bit in the force parity mode. 

The bits in the mode register affecting char- 
acter assembly and disassembly (CMR5- 
CMRO) can be changed dynamically and af- 
fect the characters currently being assem- 
bled in RxSR and transmitted by TxSR. To 



affect assembly of a received character, the 
CMR must be updated within n -1 bit times 
of the receipt of that character's start bit. To 
affect a transmitted character, the CMR 
must be updated within n -1 bit times of 
transmitting that character's start bit. (n = 
the smaller of the new and old character 
lengths). 

The UART can operate In one of four modes, 
as illustrated in figure 6. The operating 
modes are selected by bits CMR7 and 
CMR6, which should only be changed when 
both the transmitter and receiver are dis- 
abled. CMR7-CMR6 = 00 is the normal 
mode, with the transmitter and receiver op- 
erating independently. CMR7-CMR6 = 01 
places the UART in the automatic echo 
mode, which automatically retransmits the 
received data. The following conditions are 
true while in automatic echo mode: 

1. Data assembled by the receiver is auto- 
matically placed in the transmit holding 
register and retransmitted on the TxD 
output. 

2. The receive clock is used for the trans- 
mitter. 

3. The receiver must be enabled, but the 
transmitter need not be enabled. 

4. Status bit TxRDY is not set. TxEMT oper- 
ates normally. 

5. The received parity is checked, but is not 
regenerated for transmission, i.e., trans- 
mitted parity bit is as received. 

6. Only the first character of a break condi- 
tion is echoed; the TxD output will go high 
until the next received character is as- 
sembled. 

7. CPU to receiver communication contin- 
ues normally, but the CPU to transmitter 
link is disabled. 



COMMUNICATIONS MODE REGISTER FORMAT 



CMR 



7 


6 


5 


4 


3 


2 


1 






Operating mode ' 

00 = Normal 

01 = Auto echo 

10 = Local loopback 

1 1 = Remote loopback 



Parity ^ 

= Odd/forceO 

1 = Even /force 1 



-Character length 

00 = 8 

01 = 5 
10 = 6 
11=7 

= Two stop bits 

1 = One stop bit 

■ Parity mode 

00 = With parity 

01 = Force parity 

10 = No parity 

1 1 = Not allowed 



Figure 5 
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OPERATING MODES OF THE 2671 UART 



MICRO- 
COMPUTER 
SYSTEM 



TRANSMITTER 



(a) 



MICRO- 
COMPUTER 
SYSTEM 



TRANSMITTER 



(b) 



MICRO- 
COMPUTER 
SYSTEM 













^ 


^ 


TRANSMITTER 


^ 




<^ 






^ 


^ 


RECEIVER 













(c) 



MICRO- 
COMPUTER 
SYSTEM 



(d) 



(a) Normal operating mode 

(b) Automatic echo mode 

(c) Local loopback mode 

(d) Remote loopback mode 



Figure 6 



Two diagnostic modes can also be 
configured. In local loopback mode (CMR7- 
CMR6 = 10): 

1. The transmitter output is internally con- 
nected to the receiver input. 

2. The transmit clock is used for the receiv- 
er. 

3. The TxD output is held high. 

4. The RxD input is ignored. 

5. The transmitter must be enabled, but the 
receiver need not be enabled. 

6. CPU to transmitter and receiver commu- 
nications continue normally. 

The second diagnostic mode is the remote 
loopback mode (CMR7-CMR6 = 1 1). In this 
mode: 

1. Data assembled by the receiver is auto- 
matically placed in the transmit holding 
register and retransmitted on the TxD 
output. 

2. The receive clock is used for the trans- 
mitter. 

3. No data is sent to the local CPU, but the 
error status conditions (parity and fram- 
ing) are set if required. 

4. The received parity is checked, but is not 
regenerated for transmission, i.e., trans- 
mitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 

Baud Rate Control Register 

The baud rate control register (BRR) con- 
trols the frequency generated by the baud 
rate generator (BRG) and the clock source 
used by the receiver and transmitter Its for- 
mat is illustrated in figure 7. 

BRR3-BRR0 select one of sixteen frequen- 
cies to be generated by the BRG. See table 
3. 

BRR7 and BRR6 select the source of the 
transmit and receive clocks. If external 
clocks are chosen, (BRR7 = or BRR6 = 
0), then the clock rate factor is determined 
by BRR5 and BRR4. The external clock in- 
put(s) should be the desired baud rate multi- 
plied by the clock rate factor. 

If internal clock(s) are specified, (BRR7 = 1 
or BRR6 = 1). the clock is supplied by the 
internal baud rate generator at the selected 
baud rate. The clock rate factor for internal- 
ly generated clocks is always 16. Pins 35 
and 34 become outputs for transmit or re- 
ceive clocks, respectively. See table 4 for 
the description and selection of these out- 
puts. 
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BAUD RATE CONTROL REGISTER FORMAT 



7 6 5 4 3 2 1 



Tx Clock source 

= External 

1 = Internal (BRG) 

Rx Clock source 

= External 

1 = Internal (BRG) 



Figure 7 



Baud rate select— See table 3 



Clock rate factor for external 
clocks 

00 = 16X 

01 = 32X 

10 = 64X 

11 = IX 

For internal clocks these 
bits specify the output 
frequency on pin 34 and 
pin 35 See table 4. 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




BRR3-0 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8 kHz 


_ 


6144 


0001 


110 


1.7598 


-0.01 


2793 


0010 


134.5 


2.152 


— 


2284 


0011 


150 


2.4 


— 


2048 


0100 


200 


3.2 


— 


1536 


0101 


300 


4.8 


— 


1024 


0110 


600 


9.6 


— 


512 


0111 


1050 


16.8329 


+0.20 


292 


1000 


1200 


19.2 


— 


256 


1001 


1800 


28.7438 


-0.20 


171 


1010 


2000 


31.9168 


-0.26 


154 


1011 


2400 


38.4 


— 


128 


1100 


4800 


76.8 


— 


64 


1101 


9600 


153.6 


— 


32 


1110 


19200 


307.2 


— 


16 


1111 


38400 


614.4 


— 


8 



Table 3. BAUD RATE GENERATOR CHARACTERISTICS 
(BRCLK = 4.9152MHz) 
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BRR7- 
BRR4 


CLOCK SOURCE 


PIN FUNCTIONS 


BRR3-BRR0 
BAUD RATE SELECTION 


TxC 


RxC 


PIN 
34 


PIN 
35 


00** 

or* 

10*' 
1100 
1101 
1110 
1111 


E 

E 


E 
1 

E 
1 
1 

1 
1 


TxC 
TxC 
16X 
IX 
IX 
16X 
16X 


RxC 
IX 

RxC 
IX 

16X 
IX 

16X 


The baud rates are 
listed In table 3. 


NOTES 

1 * * = Clock rate factor for external clocks 00 » 16X 

01 = 32X 

10 = 64X 

11 = IX 

2 E = External clock. 

3. 1 = Internal clock (BRQ) 

4 IX and 16X are clock outputs at 1 or 16 times the actual baud rate For receive, the IX output is the actual data sample clock 

5 BRR7-BRR6 = 01 or 10 not permitted in automatic echo or remote loopback modes unless BRR5-BRR4 = 00 



Table 4. BAUD RATE CONTROL REGISTER 



Communications Status Register 

Figure 8 illustrates the bit format of the com- 
munications status register (CSR), which 
provides UART status to the CPU. 

Receiver ready (CSRO) indicates that a re- 
ceived character is assembled and trans- 
ferred to the RxHR and is ready to be read 
by the CPU. This bit can be specified (by 
IMRO) to generate an interrupt and is reset 
by reading the RxHR. 

Transmitter ready (CSR1) indicates that the 
TxHR is empty and ready to be loaded with a 
character. This bit will be cleared when the 
TxHR is loaded and has not yet transferred 
the character to the transmit shift register 
(TxSR). TxRDY is reset when the transmitter 
is disabled. It will be set when the transmit- 
ter is enabled, provided that no data was 
loaded into the TxHR during the time the 
transmitter was disabled. This bit can be 
specified (by IMR7) to generate an interrupt. 

Transmitter empty (CSR2) indicates that the 
transmitter has underrun, i.e., both the TxHR 
and TxSR are empty. This bit can only be set 
after transmission of at least one character, 
and is cleared when the TxHR is loaded by 
the CPU. TxEMT is reset when the transmit- 
ter is disabled. This bit can be specified (by 
IMR6) to generate an interrupt. 

CSR3 will be set when the PKCC receives a 
command to transmit a break. This bit will be 
cleared after the break is completed. 

Received break (CSR4) indicates that an all 
zero character of the programmed length 
has been received without a stop bit. Breaks 
originating in the middle of a received char- 
acter can be detected. This bit is cleared 



when RxD returns to a high state for at least 
one bit time. 

Receiver overrun (CSR5) indicates that the 
previous character in the RxHR has not been 
read by the CPU and that a new character 
has been loaded into the RxHR. This bit is 
cleared by a reset command with D3 = 1 . 

Framing error (CSR6) indicates that the 
stop bit has not been detected. The stop bit 
check is made in the middle of the first stop 
bit position. This bit is cleared by a reset 
command with D3 = 1. 

Parity error (CSR7) indicates that a charac- 
ter was received with incorrect parity when 
'with parity' or 'force parity' is enabled. This 
bit is cleared by a reset command with D3 = 
1. 

interrupt Controiler 

The 2671 contains a maskable interrupt sta- 



tus register (ISR) which can be enabled to 
gen erate an active low interrupt request on 
the INTR output. The eight interrupt condi- 
tions in the ISR are individually enabled by 
writing a 1 into the corresponding bit of the 
interrupt inask register (IMR). 

Each of the interrupt conditions is assigned 
a priority and a vector. When an enabled ISR 
bit is set, the 2671 ass erts th e INTR output. 
If the CPU activates the INTA input, the 267 1 
responds by placing the corresponding 8-bit 
vector on the data bus (D7-D0). If multiple 
interrupts are pending, the vector corre- 
sponds to the condition with the highest pri- 
ority. The interrupt will persist until all pend- 
ing interrupt conditions are cleared. 

The iSR can also be polled by reading at 
address A2-A0 = 000. All pending interrupt 
conditions which are enabled by the IMR will 
be read independent of priority. 



COMMUNICATIONS STATUS REGISTER FORMAT 



CSR 7 6 5 4 3 2 1 



Parity error 

Framing error- 
Overrun error - 



Received break- 



L 



RxRDY 
• TxRDY 

TxEMT 
• Transmit break 



Figure 8 
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The bit assignments of the ISR and IMR and 
corresponding vectors and priorities are 
listed in table 5. 

COMMANDS 

In addition to the control exercised by pro- 
gramming of the PKCC control registers, 
several functions can be performed by ex- 
ecuting command operations. There are two 
classes of commands which are initiated by 
writing to the 2671 at address A2-A0 = 000 
(reset command) and address A2-A0 =111 
(miscellaneous commands). Individual com- 
mands are specified by the bit pattern on the 
data bus (D7-D0). 

Reset Commands 

The reset command bit format is illustrated 
in figure 9 and the detail command descrip- 
tions are given in table 6. 



A reset command with D7-D0 = 1 1 1XXXX1 
is a master reset for the 2671. This com- 
mand must be given following a power on 
condition to release the internal power on 
reset latch which deactivates the 2671 on 
power up. 

Miscellaneous Commands 

The miscellaneous command format is illus- 
trated in figure 10. 

The transmit break commands force a break 
(steady low output) on the TxD pin immedi- 
ately or after the character in the TxSR (if 
any) is transmitted. A timed break lasts for 
approximately 200ms, and a character 
break lasts for one character time including 
parity and stop bit time. In either case, 
TxRDY (GSR 1 ) will be set at the beginning of 



the break which can be extended indefinite- 
ly (by 200ms or one character time incre- 
ments) by reasserting the command in re- 
sponse to TxRDY. Note that these 
commands reset TxRDY. When a transmit 
break command is asserted. CSR3 will be 
set. This bit will be cleared after the break is 
completed. 

The ring tone commands cause the tone 
generator to output a square wave on the 
TONE output . The tone durations are speci- 
fied by the commands: 

Ring tone short = 25ms 
Ring tone long = 100ms 

The tone frequency is either 1kHz or 2kHz, 
as specified by KMRO. 



BIT IN 


INTERRUPT 




VECTOR ON D7-D0 




IMR/ISR 


CONDITION 


PRIORITY 


BINARY 1 HEX 


CONDITION RESET BY: 


IMRO/ISRO 


RxRDY 


1 


11001111 OF 


Read RxHR 


IMR 1/ ISR 1 


KOVR 


2 


11010111 D7 


Reset CMD (D2 = 1) 


IMR2/ISR2 


KRDY 


3 


11011111 1 DF 


Read KHR 


iMR3/ISR3 


KERR 


4 


11100111 1 E7 


Reset CMD (D1 = 1) 


IMR4/ISR4 


XINTi 


5 


11101111 1 EF 


External 


IMR5/ISR5 


ABREAK2 


6 


11110111 1 F7 


Reset CMD (D4 = 1) 


IMRe/ISR6 


TxEMT 


7 


11000111 1 07 


Load TxHR 


IMR7/ISR7 


TxRDY 


8 


11000111 1 07 


Load TxHR 



NOTES 

1 XINT IS an input from an external interrupt source, active low (pin 21). 

2 ABREAK refers to the change of a received break condition 



Table 5. INTERRUPT MASK REGISTER (IMR) AND 
INTERRUPT STATUS REGISTER (ISR) 



RESET COMMAND FORMAT 



7 


6 


5 


4 


3 


2 


1 






COX No effect 

010 Set RxE 

011 Reset RxE 

100 Set TxE 

101 Reset TxE 

1 10 Set TxE and RxE 

1 1 1 Communications reset 

Break detect change reset 



Keyboard reset 
KERR reset 
KOVR reset 

Communications error reset 



Figure 9 
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COMMAND 


RESETS 


COMMENTS 


Keyboard reset 


KMR7-KMR0 
KSR5. KSR3-KSR0 
IMR3-IMR1 


The keyboard controller is reset, ignoring the input at 
KRET. 


KERR reset 


KSR1 


Keyboard error status bit reset. 


KOVR reset 


KSR2 


Keyboard overrun status bit reset. 


Communications error reset 


CSR7-CSR5 


Resets the receiver overrun, parity, and framing error 
status bits. 


Break detect change reset 


ISR5 


Resets the break detect change bit in the interrupt sta- 
tus register. 


Set RxE 


See note. 


Enables receiver operation. 


Reset RxE 


CSR7-CSR4. CSRO 
See note. 


Disables the receiver 


Set TxE 


See note. 


Enables transmitter operation 


Reset TxE 


CSR3-CSR1 
See note. 


Disables the transmitter Sets the TxD output to a 1 after 
transmitting the character in TxSR. 


Communications reset 


CMR, CSR, BRR, 

TxE. RxE. IMR7-IMR6, IMRO 


Resets the communication controller. The RxD input is 
ignored and the TxD output is set to a 1. 


Master reset 


CMR. CSR. BRR. 
TxE. RxE. KMR, 
KSR5. KSR3-KSR0, 
IMR7-IMR0. 

Releases the internally latched pow- 
er on reset. 


Resets the keyboard and communication controllers. In- 
puts at KRET and RxD are ignored and the TxD output is 
set to a 1. 


NOTE 

Command does not affect the CtvIR or the BRR 



The set /clear shift lock commands control 
the state of the internal shift lock flip flop. 
When shift lock is set. the keyboard control- 
ler en codes all key depressions as if the 
SHIFT input was asserted. The state of the 
shift lock flip flop is reflected in KSR5. 

The set keyboard enable command enables 
the keyboard controller and sets KSR3 in 
the keyboard status register. The clear key- 
board enable command resets KSR3 and 
disables key processing at the KRET input. 
The keyboard controller is not reset by this 



Table 6. RESET COMMAND DESCRIPTION 

command, and the current state of the key- 
board (key depressions and latched key 
states) is preserved internally When the 
keyboard is subsequently enabled, key 
processing resumes, old and new keys are 
debounced, and latched keys are encoded if 
there has been a change in their state. 

MASK PROGRAMMABLE OPTIONS 

Characteristics of certain portions of the 
PKCC are internally programmed by means 
of a read only memory. The items which can 
be programmed are' 



• Key codes 

• Auto-repeat keys 

• Scan times, tone frequency, and tone 
duration 

• Baud rates 

• Interrupt vectors 

Consult your local Signetics representative 
for costs, minimum quantities, and data sub- 
mission requirements for customized ver- 
sions of the PKCC. 



MISCELLANEOUS COMMANDS FORMAT 



7 


6 


5 


4 


3 


2 


1 






Clear keyboard enable 
Set keyboard enable- 
Clear shift lock 

Set shift lock 



J 



■ Transmit character break 

■ Transmit timed break 

■ Ring tone short 

■ Ring tone long 



Figure 10 
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ABSOLUTE MAXIMUM RATINGS^ 



PARAMETER 


RATING 


UNIT 


Operating ambient temperature^ 

Storage temperature 

All voltages with respect to ground^ 


to +70 
-65 to +150 
-0.5 to +6.0 


V 



DC ELECTRICAL CHARACTERISTICS 


Ta = O^'C to +70*»C, Vcc = 5V ±5%4.5.6, 














LIMITS 




PARAMETER 


TEST CONDITIONS 


Min 


Typ 


Max 


UNIT 


V||_ Input low voltage 








0.8 


V 


V|H Input high voltage 


Except XTAL1 (see note 13) 


2.0 






V 


Vol Output low voltage 


Iql = 1.6mA 






0.4 


V 


Vqh Output high voltage 












(except INTR) 


Ioh = -ioomA 


2.4 






V 


l|L Input leakage current 


V|N = to Vcc 


-10 




10 


mA 


III Data bus 3-state 












leakage current 


Vq = to Vcc 


-10 




10 


mA 


'CC Power supply current 








150 


mA 



AC ELECTRICAL CHARACTERISTICS 


Ta = 0° to +70*'C, Vcc = 5V ±5%4.5,6 














TENTATIVE LIMITS 




PARAMETER 


TEST CONDITIONS 


Min 


Typ 


Max 


UNIT 


Read timing'^ 












tAS Address setup to RD 




50 






ns 


tcs CE setup to RD 




60 






ns 


tpw RD pulse width 




250 






ns 


tAH Address hold from RD 




20 






ns 


tcH CE hold from RD 











ns 


tpQ Data delay for read 


Cl = 150pF 






200 


ns 


top Data bus floating 












time for read 


Cl = 150pF 


10 




100 


ns 


tAD Access delay from any 












read to next read or write 




250 






ns 


Write timings 












tAS Address setup to WR 




50 






ns 


tcs CE setup to WR 




50 






ns 


tpw WR pulse width 




250 






ns 


tAH Address hold from WR 




20 






ns 


tcH CE hold from WR 











ns 


tps Data setup 




100 






ns 


tpH Data hold 











ns 


tAD Access delay from any 












write to next read 


) 










or write 




250 






ns 


tAD Access delay from reset 












command to next read 












or write 




1.0 






MS 



NOTES 

1 Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device This is stress rating only and functional operation of the device 
at these or at any other condition above those indicated in the operation section of this 
specification is not implied 

2 For operating at elevated temperatures, the device must be derated based on + ISCC 
maximum junction temperature and thermal resistance of 55°C/W junction to ambient 
(IWA ceramic package) 

3 This product includes circuitry specifically designed for the protection of its internal 
devices from damaging effects of excessive static charge. Nonetheless, it is suggest- 
ed that conventional precautions be taken to avoid applying any voltages larger than 
the rated maxima 



4. Parameters are valid over operating temperature range unless otherwise specified. 

5 All voltage measurements are referenced to ground (Vqs). All input signals swing 
between 0.4V and 2 4V with a transition time of 20ns maximum and time measurements 
are referenced at input voltages of 0.8V, 2 OV and at output voltages of 0.8V, 2.0V as 
appropriate, unless otherwise specified 

6 Typical values are at +25 °C, typical supply voltages and typical processing param- 
eters 

7. See figure 1 1 . 
8 See figure 12. 
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AC ELECTRICAL CHARACTERISTICS (Cont.) 














TENTATIVE LIMITS 




PARAMETER 


TEST CONDITIONS 


Min 


Typ 


Max 


UNIT 


Interrupt acknowledge timing^ 
















300 






ns 


tDDI Data delay time for 












Interrupt vector 


Cl = 150pF 






250 


ns 


tDpi Data bus floating 












time after INTA 


Cl = 150pF 


10 




100 


ns 


tADI INTA to INTA 












access delay 




300 






ns 


INTR reset timing 10 












tRi INTR delay from: 












Read RxHR (RxRDY) 








400 


ns 


Read KHR (KRDY) 








400 


ns 


Reset commands 












(KOVR.KERR.BREAK) 








450 


ns 


Load TxHR (TxEMT.TxRDY) 








400 


ns 


Mask bit reset 








300 


ns 


Keyboard timing 11 












*KCLK KCLK frequency 






409 




kHz 


tKBD KRj. KCj to KRET sample delay: 












FAST SCAN 




12.0 






MS 


SLOW SCAN 




55.0 






MS 


tpOS Scan t'"'® Per "Matrix position: 












FAST SCAN 






20 




MS 


SLOW SCAN 






80 




MS 


tKRD KDRES delay from KCLK 


Cl = ISOpF 






400 


ns 


tKRH KDRES hold from KCLK 


Cl - 150pF 






400 


ns 


tHYSD HYS delay from KCLK 


Cl = 160pF 






600 


ns 


♦RCD KRj. KCj delay from KCLK 


Cl = 150pF 






400 


ns 


UART timing 12 












*RXS ^xD setup time 




200 






ns 


tRxH RxD hold time 




200 






ns 


*TxD ^^^ delay from falling 












edge of TxC 


Cl = 150pF 






300 


ns 


tjCS Skew between TxD transition 












and falling edge of TxC output 


Cl = 150pF 









ns 


tBRH XTAL1 clock high 13 




70 






ns 


tBRL XTAL1 clock low 13 




70 






ns 


fSRG BRG input frequency 




1.0 


4.9152 


5.075 


MHz 


fR/ 7 TxC or RxC input frequency 


Clock rate factor 












= 16X. 32X. 64X 






1.3 


MHz 


fR/j TxC or RxC input frequency 


Clock rate factor 












= 1X 






1.0 


MHz 


*R/TH TxC or RxC clock high 




350 






ns 


*R/TL TxC or RxC clock low 




350 






ns 



NOTES 
9 See figure 13 

10 See figure 14 

11 See figure 15 and 16 

12 See figure 17, 18, and 19. 

13 See figures 20 and 21 for XTAL1, XTAL2 connections for driving XTAL2 with an 
external clocl< Input levels for XTALI and XTAL2 are V|l < 8V. V|h > 4 OV, and 
*BRL ^"'^ *BRH ^^^ measured at these levels 
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READ TIMING 



: vSTVi 



^r 



^: 



ahI**— 



Figure 1 1 






% 



WRITE TIMING 



;?: 



CH [*— 



AH U- 



JDH^ 



Figure 12 



^^K_ 



D7-0 
(INTR. VECTOR) ' 



INTERRUPT ACKNOWLEDGE TIMING 



/IH^}* 






Figure 13 



t 
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BSOSBa 



INTERRUPT RESET TIMING 


inTR 


\ 


•"? 
















_J 






Figure 14 





LnjnjijnjiJiJij-Ljn_n_rLJT_ 



Hh* 



KEYBOARD SCAN TIMING 



' As 



X 



X 



KRET, SHIFT 
CONTROL « REPEAT < 
SAMPLE TIME 



NOTE 

SCAN TIMING SHOWN IS FOR FAST SCAN (KMRl » 1). FOR SLOW SCAN (KMR1 - 0) ALL SIGNALS EXCEPT KCLK RUN AT % THE SHOWN RATES. 



Figure 15 
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KEYBOARD TIMING 



■ 1 SCAN CYCLE- 



.1 



-»- 



KEY1 KEY2 



KEY1 KEY2 



1 



"•»" »m»ir 


n 






n 


M 


n 






n 


„.„J5- 


n 




■»•> 


n 


jTfF a^» 






•>•> 










■>■% 




"""ttf~ 
^•v_ 






■^^ 














tc 






\ 


u 


"Tr* 






-KEY ROLLOVER 
MOOES ONLY 


IT 


KRDY 


J 

h" »KR 


=.lM8ec 


K 


_L 


-^^ 


2 KEY ROLLOVER 
2 KEY INHIBIT 




(KSRO) 













(KSR1) • 

Mm • 



"1 r 



Figure 16 




CLOCK 



XTAL1, TxC, RxC«- 



— tBRH— 
-tR/TH- 



— tBRL - 

- tR/TL - 



^ ^c J V_ 



-VfBRG- 

-VfR/T - 






TRANSMIT 



-1 BIT TIME (1,16,0R 64 CLOCK PERIODS) - 



^s /■ 



RECEIVE 



X .fcz 



-* tRXS - 



■* tRXH - 



_3- V|L 



Figure 17 
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UMIuUiLUa 



TRANSMITTER TIMING 
(5-BIT CHARACTERS, NO PARITY, 2 STOP BITS) 



rinnnnnnnnnjirinnnnjmruijuuijinjinnnn^^ 

I I DAT. 



TxEN 
eg FOR 



j~i_n 



C -* D- 



U 




:P£P5 





B C A 



-• BREAK 1 - 



""< BREAK 2 - 



J I \ m DATA 3 »| 



r — \ 



IT' 



I 



IF NO WRITE OF THR 



A=STARTBIT B= 1ST STOP BIT C=2ND STOP BIT D=MARK 



Figure 18 
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LUiUiUUU 



RECEIVER TIMING 
(5-BIT CHARACTERS, NO PARITY, 2 STOP BITS) 



rmjijinnjijuifijuirinnminnnjuumnnnj^^ 

A BCA BCA BC BCA 

rA3 I I I DATA 4 



CEFOR . 

READ OF 

RHR 



FRAMING 
ERROR 
(CSR6) . 

RECEIVED 
BREAK 
(CSR4) ■ 



CE FOR 

RESET COMMAND 

WITH D4 = 1 



ISR5 """ 
(BREAK DETECT 
CHANGE) 



"LI 



"LI 



XI 



I 1 ^ DATAaj ■ » -* D 



A=START BIT B= 1ST STOP BIT C=2ND STOP BIT 



Figure 19 



5 



II 



CRYSTAL CONNECTIONS BRG CLOCK 



r 



Figure 20 



CONNECTION FOR EXTERNAL BRG CLOCK SOURCE 



2 MHz K. 

— o^ 



] 

vcco 



Figure 21 
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I JfJll l . ' . 1I .MHI 



KMR 



Test mode 


Rollover modes 


Keyboard 


Auto repeat 










Tone select 


1 = Enable 
= Disable 


00 = N-key with latched 

keys 

01 = N-key 

10 = Two keys 

1 1 » Two key inhibit 


= Encoded 

1 = Non en- 

coded 


= Disable 

1 = Enable 


KMR2 


KMR1 


Key 
Matrix 
Size 


Scan 
Time 


= 1kHz 

1 = 2kHz 




1 

1 



1 


1 


128 
128 
80 
80 


10ms 
2.5ms 
6.4ms 
1.6ms 



KSR 



CONTROL 


SHIFT 


SHIFT LOCK 


REPEAT 


Keyboard 
Enabled 


KOVR 


KERR 


KRDY 



CMR 



Operating Mode 


Parity 


Parity Mode 


Stop Bits 


Character Length 


00 = Normal 


= Odd/ 


00 = With parity 


= Two 


00 = 8 


01 = Auto echo 


force 


01 - Force parity 




01 =5 


10 = Local loopback 




10 = No parity 


1 = One 


10 = 6 


1 1 = Remote loopback 


1 = Even/ 
force 1 


1 1 - Not allowed 




11=7 



BRR 



Tx Clock 


Rx Clock 


Clock rate factor 










source 


source for external clocks Baud rate select (BRR3 - BRRO in 


hex) 


= External 


= External 


00 = 16X 


= 50 


4 = 200 


8 = 1200 


C = 4800 






01 = 32X 


1 = 110 


5 = 300 


9 = 1800 


D = 9600 


1 = Internal 


1 = Internal 


10 = 64X 


2 = 134.5 


6 = 600 


A = 2000 


E = 19200 


(BRQ) 


(BRG) 


11 = IX 

For internal clocks these 
bits specify the output fre- 
quency on pins 34 and 35 
(table 4). 


3= 150 


7 = 1050 
(BRCLK = 


B = 2400 
4.9152MHz) 


F = 38400 



CSR 



Parity error 


Framing error 


Overrun error 


Received 
break 


Transmit 
break 


TxEMT 


TxRDY 


RxRDY 



IMR/ISR 



TxRDY 


TxEMT 


BREAK 
CHANGE 


XINT 


KERR 


KRDY 


KOVR 


RxRDY 



Reset 

Command 

Format 



OOX = No effect 


101 = Reset TxE 


Break detect 


Communica- 


KOVR reset 


KERR reset 


Keyboard 


010 = Set RxE 


110 = Set TxE and 


change reset 


tions error 






reset 


Oil = Reset RxE 


RxE 




reset 








100 = Set TxE 


111 = Communica- 
tions reset 













Miscellaneous 

Commands 

Format 



Clear 


Set 


Clear 


Set 


Ring 


Ring 


Transmit 


Transmit 


keyboard 


keyboard 


shift 


shift 


tone 


tone 


timed 


character 


enable 


enable 


lock 


lock 


long 


short 


break 


break 



Table 7. Register Format Summary 
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DESCRIPTION 

The Signetics 2672 Programmable Video 
Timing Controller (PVTC) is a programmable 
device designed for use in CRT terminals 
and display systems that employ raster 
scan techniques. The PVTC generates the 
vertical and horizontal timing signals neces- 
sary for the display of interlaced or non-in- 
terlaced data on a CRT monitor. It provides 
consecutive addressing to a user specified 
display buffer memory domain and controls 
the CPU-display buffer interface for various 
buffer configuration modes. A variety of op- 
erating modes, display formats, and timing 
profiles can be implemented by program- 
ming the control registers In the PVTC. 

A minimum CRT terminal system configura- 
tion consists of a PVTC, a 2671 Keyboard 
and Communication Controller (PKCC), a 
2670 Display Character and Graphics Gen- 
erator (DCGG), a 2673 Video and Attributes 
Controller (VAC), a single chip microcom- 
puter such as the 8048, a display buffer 
RAM, and a small amount of TTL for miscel- 
laneous address decoding, interface, and 
control. Typically, the package count for a 
minimum system is between 15 and 20 de- 
vices; system complexity can be enhanced 
by upgrading the microprocessor and ex- 
panding via the system address and data 
busses. 



FEATURES 

• 4MHz character rate 

• Up to 256 characters per row 

• 1 to 16 raster lines per character row 

• Up to 128 character rows per frame 

• Programmable horizontal and vertical 
sync generators 

• Interlaced or non-interlaced operation 

• Up to 16K RAM addressing for multiple 
page operation 

• Automatic wraparound of RAM 

• Addressable incrementable and 
readable cursor 

• Programmable cursor size, position, 
and blink 

• Split screen and horizontal scroll capa- 
bility 

• Light pen register 

• Selectable buffer interface modes 

• Dynamic RAM refresh 

• Completely TTL compatible 

• Single -1-5 volt power supply 

• Power on reset circuit 

APPLICATIONS 

• CRT terminals 

• Word processing systems 

• Small business computers 

• Home Computers 



PIN CONFIGURATION 









m[T 




40] VCC 


dU 




39] A2 


wR|T 




38] A1 


CTRL1 \T 




37] AO 


CTRL2 [T 




36] LPS 


CTRL3 [T 




35] iRTR 


CURSOR [T 




34] DADDO 


DO \T 




33] DADD1 


D1 [T 




32] DADD2 


D2Q0 




3l] DAD03/LI 


D3[lT 




30] DADD4/LA0 


D4 (jI 




29] DADD5/LA1 


D5 [Tf 




28] DADD6/LA2 


D6 [U 




27] DADD7/LA3 


D7[l? 




iej DADD8/LNZ 


egLK [16 




25] DADD9/LPL 


BLANK [l7 




24] DADD10/UL 


VSYNC/CSYNC [l? 




231 DAD0 11 /BLINK 


HSYNC p? 




221 DADD12/0DD 


GND[20 




21] DADD13/LL 




TOP VIEW 





BLOCK DIAGRAM 



' 3 



READ/ 
WRITE 
CONTROL 
LOGIC 



. DO-7 / 



DATA 
DRIVERS 



INITIALIZATION 



7T 



iJl 



\/ 



MULTIPLEXERS 



CURSOR, 
POINTER AND 
LIGHT PEN 



^ 



LIGHT PEN STROBE 



TIMING CHAIN 

AND 
DECODE LOGIC 



VSYNC/CSYNC 
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ORDERING CODE 



PACKAGES 


COMMERCIAL RANGES 
Vcc = 5V ±5%, Ta = 0»C to 70°C 


Ceramic DIP 


SC2672C4I40 


Plastic DIP 


SC2672C4N40 



PIN DESIGNATION 



MNEMONIC 



PIN NO. 



TYPE 



NAME AND FUNCTION 



A0-A2 
D0-D7 



RD 



37-39 
8-15 



I/O 



WR 
CE 

CCLK 

HSYNC 

VSYNC/CSYNC 

BLANK 

CURSOR 

InTr 

LPS 
CTRL1 



16 
19 
18 



I 
O 

o 



35 

36 
4 



I 
I/O 



Address Lines: Used to select PVTC internal registers for read /write operations and for 

commands. 

8-Bit Bidirectional Three-State Data Bus. Bit is the LSB and bit 7 is the MSB. All data, 

command, and status transfers between the CPU and the PVTC takeplace over this bus. 

The direction of the transfer is controlled by the RD and WR inputs when the CE input is 

low. When the CE input is high, the data bus is in the three-state condition. 

Read Strobe: Active low input. A low on this pin while CE is low causes the contents of the 

register selected by AO— A2 to be placed on the data bus. The read cycle begins on the 

leading (falling) edge of RD. 

Write Strobe: Active low input. A low on this pin while CE is also low causes the contents 
of the data bus to be transferred to the register selected by AO— A2. The transfer occurs on 
the trailing (rising) edge of WR. 

Chip Enable: Active low input. When low, data transfers between the CPU and the PVTC 
are enabled on D0-D7 as controlled by the WR, RD, and A0-A2 inputs. When CE is high, 
the PVTC is effectively isolated from the data bus and D0-D7 are placed in the 
three— state condition. 

Character Clock: Timing signal derived from the video dot clock which is used to synchro- 
nize the PVTC's timing functions. 

Horizontal Sync: Active high output which provides video horizontal sync pulses. The 
timing parameters are programmable. 

Vertical Sync /Composite Sync: A control bit selects either vertical or composite sync 
pulses on this active high output. When CSYNC is selected, equalization pulses are 
included. The timing parameters are programmable. 

Blank: This active high output defines the horizontal and vertical borders of the display. 
Display control signals which are output on DADD3 thru DADD13 are valid on the trailing 
edge of BLANK. 

Cursor Gate: This active high output becomes active for a specified number of scan lines 
when the address contained in the cursor registers match the address output on DADDO 
thru DADD13. The first and last lines of the cursor and a blink option are programmable. 
Interrupt Request: Open drain output which supplies an active low interrupt request from 
any of five maskable sources. This pin is inactive after power on reset or a master reset 
command. 

Light Pen Strobe: Positive edge triggered input indicating a light pen hit. Causes the 
current value of the display address to be strobed into the light pen register. 
Handshake Control 1: In independent mode, provides an active low write data buffer 
(WDB) output which strobes data from the interface latch into the displ ay memo ry. In 
transparent and shared modes, this is an active low processor bus request (PBREQ) input 
which indicates that the CPU desires to access the display memory. This control output 
has no meaning in row buffer mode 

Handshake Control 2: In independent mode, provides an active low read data buffer 
(RDB) output which strobes data from the display memory into the inter face l atch. In 
transparent and shared modes, this is an active low bus external enable (BEXT) output 
which indicates that the PVTC has relinquished control of the display memory 
(DADD O— DADD 13 are in the three— state condition) in response to a CPU bus request. 
BEXT also goes low in response to a 'displ ay off and float DADD' command. In row buffer 
mode, it is an active low bus request (BREQ) output which halts the CPU during a line DMA. 
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PIN DESIGNATION (cont.) 



MNEMONIC 



PIN NO. 



TYPE 



NAME AND FUNCTION 



DADD0-DADD13 



Vqc 

GND 



40 
20 



Hand shake Control 3: In Independent mode, provides the active low buffer chip enable 

(BCE) signal to the display menfiory. In transparent and shared modes, provides an active 

low bus acknowledge (BACK) output which serves as a ready signal to the CPU in 

response to a processor bus request. In row buffer mode, this is an active high memory bus 

control (MBC) output which configures the system for the DMA transfer of one row of 

character codes from system memory to the row display buffer. 

Display Address: Used by the PVTC to address up to 16K of display memory. These 

outputs are floated at various times depending on the buffer mode. Various control signals 

are multiplexed on DADD3 thru DADD13 and are valid at the trailing edge of BLANK. These 

control signals are: 

DADD3/LI 

Line Interlace: Replaces DADD4/LA0 as the least significant line address for interlaced 

sync and video applications. A low indicates an even row of an even field or an odd row of 

an odd field. 

DADD4-DADD7/LA0-LA3 

Line Address: Provides the number of the current scan line within each character row. 

DADD8/LNZ 

Line Zero: Asserted before the first scan line in each character row. 

DADD9/LPL 

Light Pen Line: Asserted before the scan line which matches the programmed light pen 

line position (line 3, 5, 7, or 9). 

DADD10/UL 

Underline: Asserted before the scan line which matches the programmed underline posi- 
tion (line thru 15). 
DADD11 /BLINK 
Blink frequency: Provides an output divided down from the vertical sync rate. 

DADD12/0DD 

Odd Field: Active high signal which is asserted before each scan line of the odd field when 

interlace is specified. 

DADD13/LL 

Last Line: Asserted before the last scan line of each character row. 

Power Supply: +5 volts ± 5% power input. 

Ground: Signal and power ground input. 



FUNCTIONAL DESCRIPTION 

As shown on the block diagram, the PVTC 
contains the following major blocks: 

• Data bus buffer 

• Interface Logic 

• Operation Control 

• Timing 

• Display Control 

• Buffer Control 

Data Bus Buffer 

The data bus buffer provides the interface 
between the external and internal data bus- 
ses. It is controlled by the operation control 
block to allow read and write operations to 
take place between the controlling CPU and 
the PVTC. 

Interface Logic 

The interface logic contains address decod- 
ing and read and write circuits to permit 
communications with the microprocessor 



Table 1 PVTC ADDRESSING 



A2 A1 AO 


READ (RD=0) 


WRITE (WR=0) 



1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 


Interrupt register 
Status register 

Screen start address lower register 
Screen start address upper register 
Cursor address lower register 
Cursor address upper register 
Light pen address lower register 
Light pen address upper register 


Initialization registers^ 
Command register 
Screen start address lower reg. 
Screen start address upper reg. 
Cursor address lower register 
Cursor address upper register 
Display pointer address lower reg. 
Display pointer address upper reg 


NOTE 

1 There are 1 1 initialization registers which are accessed sequentially via a single address The PVTC maintains an 
internal pointer to these registers which is incremented after each write at this address until the last register (IR10, 
the split screen register) is accessed. The pointer then continues to point to the split screen register Upon 
power-up or a master reset command, the internal pointer is reset to point to the first register (IRO) of the 
initialization register group The internal pointer can also be preset to any register of the group via the 'load IP 
address pointer' command 



via the data bus buffer. The functions per- 
formed by the CPU read and write oper- 
ations are as shown in table 1. 
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Operation Control 

The operation control section decodes con- 
figuration and operation commands from the 
CPU and generates appropriate signals to 
other internal sections to control the overall 
device operation. It contains the timing and 
display registers which configure the dis- 
play format and operating mode, the inter- 
rupt logic, and the status register which pro- 
vides operational feedback to the CPU. 

Timing 

The timing section contains the counters 
and decoding logic necessary to generate 
the monitor timing outputs and to control the 
display format. These timing parameters are 
selected by programming of the initialization 
registers. 

Display Control 

The display control section generates linear 
addressing for up to 16K bytes of display 
memory. Internal comparators limit the por- 
tion of the memory which is displayed to 
programmed values. Additional functions 
performed in this section include cursor po- 
sitioning, storage of light pen 'hit' location, 
and address comparisons required for gen- 
eration of timing signals and the split screen 
interrupt. 



Buffer Control 

The buffer control section generates three 
signals which control the transfer of data 
between the CPU and the display buffer 
memory. Four system configurations requir- 
ing four different 'handshaking' schemes 
are supported. These are described below. 

SYSTEM CONFIGURATIONS 

Figure 1 illustrates the block diagram of a 
typical display terminal using the Signetics 
2670, 2671, 2672, and 2673 CRT terminal 
devices. In this system, the CPU examines 
inputs from the data communications line 
and the keyboard and places the data to be 
displayed in the display buffer memory. This 
buffer is typically a RAM which holds the 
data for a single or multiple screenload 
(page) or for a single character row. 

The PVTC supports four common system 
configurations of display buffer memory, 
designated the independent, transparent, 
shared, and row buffer modes. The first 
three modes utilize a single or multiple page 
RAM and differ primarily in the means used 
to transfer display data between the RAM 
and the CPU. The row buffer mode makes 
use of a single row buffer (which can be a 



shift register or a small RAM) that is updat- 
ed in real time to contain the appropriate 
display data. 

The user programs bits and 1 of IRO to 
select the mode best suited for the system 
environment. The CNTRL1— 3 outputs per- 
form different functions for each mode and 
are named accordingly in the description of 
each mode. 

Independent Mode 

The CPU to RAM interface configuration for 
this mode is illustrated in figure 2. Transfer 
of data between the CPU and display mem- 
ory is accomplished via a bidirectional 
latched port and is controlled by the signals 
read data buffer (RDB), write data buffer 
(WDB), and buffer chip enable (BCE). This 
mode provides a non— contention type of op- 
eration that does not require address 
multiplexers. The CPU does not address the 
memory directly — the read or write oper- 
ation is performed at the address contained 
in the cursor address register or the pointer 
address register as specified by the CPU. 
The PVTC enacts the data transfers during 
blanking intervals in order to prevent visual 
disturbances of the displayed data. 



CRT TERMINAL BLOCK DIAGRAM 
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Figure 1 
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The CPU manages the data transfers by 
supplying commands to the PVTC. The com- 
mands used are: 

1. Read /Write at pointer address. 

2. Read /Write at cursor address (with op- 
tional increment of address) 

3. Write from cursor address to pomter ad- 
dress. 

The operational sequence for a write oper- 
ation is: 

1. CPU checks RDFLG status bit to assure 
that any previous operation has been 
completed. 

2. CPU loads data to be written to display 
memory into the interface latch. 

3. CPU writes address into cursor or pointer 
registers. 

4. CPU issues 'write at cursor with /without 
increment' or 'write at pointer' command. 

5. PVTC generates control signals and out- 
puts specified address to perform re- 
quested operation. Data is copied from 
the interface latch into the memory. 

6. PVTC sets RDFLG status to indicate that 
the write is completed 

Similarly, a read operation proceeds as fol- 
lows: 

1. Steps 1 and 3 as above. 

2. CPU issues 'read at cursor with /without 
increment' or 'read at pointer' command. 

3. PVTC generates control signals and out- 
puts specified address to perform re- 
quested operation. Data is copied from 
memory to the interface latch and PVTC 
sets RDFLG status to indicate that the 
read is completed. 

4 CPU checks RDFLG status to see If oper- 
ation is completed. 
5. CPU reads data from interface latch. 

Loading the same data into a block of dis- 
play memory is accomplished via the 'write 
from cursor to pointer' command: 

1 CPU checks RDFLG status bit to assure 
that any previous operation has been 
completed. 

2. CPU loads data to be written to display 
memory into the interface latch. 



INDEPENDENT BUFFER MODE CONFrGURATION 
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Figure 2 



3. CPU writes beginning address of memory 
block into cursor address register and 
ending address of block into pointer ad- 
dress register. 

4. CPU issues 'write from cursor to pointer' 
command. 

5. PVTC generates control signals and out- 
puts block addresses to copy data from 
the interface latch into the specified 
block of memory. 

6. PVTC sets RDFLG status to indicate that 
the block write is completed. 

Similar sequences can be implemented on 
an interrupt driven basis using the READY 
interrupt output to advise the CPU that a 
previously requested command has been 
completed. 

Two timing sequences are possible for the 
'read /write at cursor/ pointer' commands. If 
the command is given during the active dis- 



play window (defined as first scan line of the 
first character row to the last scan line of 
the last character row), the operation takes 
place during the next horizontal blanking in- 
terval, as illustrated in figure 3. If the com- 
mand is given during the vertical blanking 
interval, or while the display has been com- 
manded blanked, the operation takes place 
immediately. In the latter case, the execu- 
tion time for the command is approximately 
one microsecond plus six (6) character 
clocks (see figure 4). 

Timing for the 'write from cursor to pointer' 
operation is shown in figure 5. The BLANK 
output is asserted automatically and re- 
mains asserted until the vertical retrace in- 
terval following completion of the command. 
The memory is filled at a rate of one location 
per two character times, plus a small 
amount of overhead. 
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Shared and Transparent Buffer 
Modes 

In these modes the display buffer RAM is a 
part of the CPU memory domain and is ad- 
dressed directly by the CPU. Both modes 
use the same hardware configuration with 
the CPU accessing the display buffer via 
three— state drivers (see figure 6). The pro- 
cessor bus request (PBREQ) control signal 
informs the PVTC that the CPU is requesting 
access to the display buffer. In response to 
this request, the PVTC raises bus acknowl- 
edge (BACK) until its bus external (BEXT) 
output has freed the display address and 
data busses for CPU access. BACK, which 
can be used as a 'hold' input to the CPU, is 
then lowered to indicate that the CPU can 
access the buffer 

In transparent mode, the PVTC delays the 
granting of the buffer to the CPU until a verti- 
cal or horizontal blanking interval, thereby 
causing minimum disturbance of the display. 
In shared mode, the PVTC will blank the dis- 
play and grant immediate access to the 
CPU. Timing for these modes is illustrated in 
figures 7, 8, and 9 



PVTC SHARED OR TRANSPARENT BUFFER MODES 
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begin during that blanking period 
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next scan line will also be blanked 
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Row Buffer Mode 

Figures 10 and 11 show the timing and a 
typical hardware impiementation for the 
row buffer mode. During the first scan line 
(line 0) of each character row, the PVTC 
halts the CPU and DMA's the next row of 
character data from the system memory to 
the row buffer memory. The PVTC then re- 
leases the CPU and displays the row buffer 
data for the programmed num ber of scan 
lines. The bus request control (BREQ) sig- 
nal informs the CPU that character ad- 
dresses and the memory bus control (MBC) 
signal will start at the next falling edge of 
BLANK. The CPU must release the address 
and data busses before this time to prevent 
bus contention. After the row of character 
data is transferred to the CPU, BREQ re- 
turns high to grant memory control back to 
the CPU. 
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OPERATION 

After power is applied, the PVTC will be in an 
inactive state. Two consecutive 'master 
reset' commands are necessary to release 
this circuitry and ready the PVTC for oper- 
ation. Two register groups exist within the 
PVTC: the initialization registers and the dis- 
play control registers. The initialization reg- 
isters select the system configuration, moni- 
tor timing, cursor shape, display memory 
domain, and screen format. These are load- 
ed first and normally require no modification 
except for certain special visual effects. 
The display control registers specify the 
memory address of the base character (up- 
per left corner of screen), the cursor posi- 
tion, and the pointer address for indepen- 
dent memory access mode. These usually 
require modification during operation. 

After initial loading of the two register 



groups, the PVTC is ready to control the 
monitor screen. Prior to executing the PVTC 
commands which turn on the display and 
cursor, the user should load the display 
memory with the first data to be displayed. 
During operation, the PVTC will sequentially 
address the display memory within the limits 
programmed into its registers. The memory 
outputs character codes to the system 
character and graphics generation logic, 
where they are converted to the serial video 
stream necessary to display the data on the 
CRT. The user effects changes to the dis- 
play by modifying the contents of the display 
memory, the PVTC display control and com- 
mand registers, and the initialization regis- 
ters, if required. Interrupts and status condi- 
tions generated by the PVTC supply the 
'handshaking' information necessary for the 
CPU to effect the display changes in the 
proper time frame. 



INITIALIZATION REGISTERS 

There are 11 initialization registers 
(IRO— IR10) which are accessed sequential- 
ly via a single address. The PVTC maintains 
an internal pointer to these registers which 
is incremented after each write at this ad- 
dress until the last register (IR10, the split 
screen register) is accessed. The pointer 
then continues to point to the split screen 
register. Upon power— up or a master reset 
command, the internal pointer is reset to 
point to the first register (IRO) of the 
initialization register group. The internal 
pointer can also be preset to any register of 
the group via the 'load IR address pointer' 
command These registers are write only 
and are used to specify parameters such as 
the system configuration, display format, 
cursor shape, and monitor timing. Register 
formats are shown in figure 12 



INITIALIZATION REGISTER FORMATS 



BIT7 


BIT6 • BITS • BIT4 • BIT3 


BIT2 


BIT1 • BITO 


NOT 


SCAN LINES PER CHARACTER ROW 


SYNC 
SELECT 


BUFFER MODE 
SELECT 


NON-INTERLACED 


INTERLACED 


0000 = 1 LINE 

0001 = 2 LINES 
0010 = 3 LINES 


0000 = UNDEFINED 

0001 = 5 LINES 
0010 = 7 LINES 


= VSYNC 


00 = INDEPENDENT 


USED 


• 
• 
1110= IS LINES 


• 
1110 = 31 LINES 


1 = CSYNC 


10 = SHARED 

11 = ROW 


~ 


1111 = 16 LINES 


1111 = UNDEFINED 




• 



BITS » BIT4 



BIT2 m BIT1 



ACTIVE CHARACTERS PER ROW 



BITS • BIT4 



BIT2 > BIT1 



BIT2 •__BIT1 



EQUALIZING CONSTANT 



CALCULATED FROM 
EC = 5(HaCT+HfP+HsYNC+Hbp) - 2(HsYNC) 



FIRST LINE OF CURSOR 


LAST LINE OF CURSOR 


0000 = SCAN LINED 
0001= SCAN LINE1 

• 

1110 = SCANLINE14 

1111 =SCAN LINE 15 


0000 = SCAN LINED 
DDD1 = SCAN LINE 1 

• 

111D = SCANLINE14 
1111 =SCAN LINE IS 



BIT7 


BIT6 • BITS • BIT4 • BITS 


BIT2 • BIT1 • BITO 


NOT 
USED 


HORIZONTAL SYNC WIDTH 


HORIZONTAL BACK PORCH 


0000 = 2 CCLK 

0001 = 4 CCLK 

1110 = 30 CCLK 

1111 = 32 CCLK 

• • • 


000 = 1 CCLK 

001 = 5 CCLK 

110 = 25 CCLK 

111 =29 CCLK 

• • 



BIT7 • BIT6 


BITS 


BIT4 


BITS • BIT2 • BIT1 • 


BITO 


LIGHT PEN LINE 


CURSOR 
BLINK 


HEIGHT 
CHAR 


UNDERLINE POSITION 


00 = SCAN LINE 3 

01 = SCAN LINE S 


0000 = SCAN LINE 

0001 = SCAN LINE 1 








10 = SCAN LINE 7 


= NO 


= NO 






11 = SCAN LINE 9 


1 = YES 


1 = YES 


1110 = SCAN LINE 14 

1111 = SCAN LINE IS 




• 






• • • 





BITS » BIT2 



BIT1 • BITO 



VERTWAL FRONT PORCH 


VERTICAL BACK PORCH 


000 = 4 SCAN LINES 

001 = 8 SCAN LINES 

• 

110 = 28 SCAN LINES 

111 =32SCANUNES 

• [ • 


00000 = 4 SCAN LINES 

00001 = 6 SCAN LINES 

• 

11110 = 64 SCAN LINES 

11111 =66 SCAN LINES 

• • • • 



Brr7 
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• BITS • BIT4 • 


BITS 


• BIT2 • 8IT1 


• 


BITO 


DISPLAY BUFFER FIRST ADDRESS LSB'S ! 








H'OOO' = 
H'OOl' = 1 

H'FFE' = 4,094 
H'FFF' = 4,095 




NOTE MSB'S ARE IN 
IR9(S0] 








• 




• • • 




• • 


• 





BITS » BIT4 



BITS » BIT2 



BIT7 


BIT6 • 


BITS • BIT4 • BITS • BIT2 • 


BIT1 • BITO 


CHARACTER 
BLINK 
RATE 




ACTIVE CHARACTER ROWS PER SCREEN 


(NOTE 1) 




0000000 = 1 ROW 

0000001 = 2 ROWS 

• 
1111110= 127 ROWS 
1111111 = 128 ROWS 


• 


0= 1/16 
VSYNC 

1 = 1/32 
VSYNC 



DISPLAY BUFFER LAST ADDRESS 


DISPLAY BUFFER FIRST ADDRESS MSB'S 


0000 = 1,023 

0001 = 2,047 

1110 = 15,359 

1111 = 16,383 
• 


SEE IRS 

• • • 



NOTE 

1 In interlace mode with odd total character rows per screen the last character 
row will be the programmed scan lines per character row mmus one 
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Figure 12 
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IR0[6:3]— Scan Lines per 
Character Row 

Both interlaced and non-interlaced scan- 
ning are supported by the PVTC. For inter- 
laced mode, two different formats can be 
implemented, depending on the 
interconnection between the PVTC and the 
character generator (see IR1[7]). This field 
defines the number of scan lines used to 
compose a character row for each tech- 
nique. As scanning occurs, the scan line 
count is output on the LA0-LA3 and LI pins. 



IR0[2]— VS/CS Enable 

This bit selects either vertical sync pulses 
or composite sync pulses on the 
VSYNC/CSYNC output (pin 18). The com- 
posite sync waveform conforms to EIA 
RS170 standards, with the vertical interval 
composed of six equalizing pulses, six verti- 
cal sync pulses, and six more equalizing 
pulses. 



IRO[ 1:0]— Buffer Mode Select 

Four buffer memory modes may be selec- 
tively enabled to accommodate the desired 
system configuration. See System Configu- 
ration. 



IR1[7] — Interlace Enable 

Specifies interlaced or noninterlaced timing 
operation. Two modes of interlaced oper- 
ation are available, depending on whether 
L0-L3 or LI, L0-L2 are used as the line 
address for the character generator The re- 
sulting displays are shown in figure 13. 

For 'interlaced sync' operation, the same 
information is displayed in both odd and 
even fields, resulting in enhanced 
readability. The PVTC outputs successive 
line numbers in ascending order on the 
LA0-LA3 lines, one per scan line for each 
field. 

The 'interlaced sync and video' format dou- 
bles the character density on the screen 
The PVTC outputs successive line numbers 
in ascending order on the LI, LA0-LA2 lines, 
one per scan line for each field, but alter- 
nates beginning the count with even and odd 
line numbers. This displays the odd field 
with even scan lines in even character rows 
and odd scan lines in odd character rows, 
and the even field with odd scan lines in 
even character rows and even scan lines on 
odd character rows. This provides balanced 
beam currents in the odd and even fields, 
thus minimizing character variations due to 
different loading of the CRT anode supply 
between fields. 

2-46 



IR1[6:0] — Equalizing Constant 

This field indirectly defines the horizontal 
front porch and is used internally to gener- 
ate the equalizing pulses for the RS170 
compatible CSYNC. The value for this field 
is the total number of character clocks 
(CCLK) during a horizontal line period divid- 
ed by two, minus two times the number of 
character clocks in the horizontal sync 
pulse- 

HaCT + Hfp + HSYNC + HbP 
EC = 2 -2(HSYNC) 

The definition of the individual parameters is 
illustrated in figure 14. 

Note that when using the 2673 VAC, it will 
delay the blank pulse three CCLKs relative 
to the HSYNC pulse. 



IR2[6:3] — Horizontal Sync Pulse 
Width 

This field specifies the width of the HSYNC 
pulse in CCLK periods. 

IR2[2:0] — Horizontal Back Porch 

This field defines the number of CCLKs be- 
tween the trailing edge of HSYNC and the 
trailing edge of BLANK. 



IR3[7:5]— Vertical Front Porch 

Programs the number of scan line periods 
between the rising edges of BLANK and 
VSYNC during a vertical retrace interval. 
The width of the VSYNC pulse is fixed at 
three scan lines. 



IR3[4:0]~-Vertical Back Porch 

This field determines the number of scan line 
periods between the falling edges of the 
VSYNC and BLANK outputs. 

IR4[7]— Character Blink Rate 

Specifies the frequency for the character 
blink attribute timing. The blink rate can be 
specified as 1/16 or 1/32 of the vertical 
field rate. The timing signal has a duty cycle 
of 75% and is multiplexed onto the 
DADD1 1 /BLINK output at the falling edge of 
each BLANK. 



IR4[6:0] — Character Rows Per 
Screen 

This field defines the number of character 
rows to be displayed This value multiplied 
by the scan lines per character row, plus the 
vertical front and back porch values, and the 
vertical sync pulse width (three scan lines) 
IS the vertical scan period in scan lines. 



IR5[7:0]— Active Characters Per 
Row 

This field determines the number of charac- 
ters to be displayed on each row of the CRT 
screen. The sum of this value, the horizontal 
front porch, the horizontal sync width, and 
the horizontal back porch is the horizontal 
scan period in CCLKs. 



IR6[7:4], IR6[3:0]— First and Last 
Scan Line of Cursor 

These two fields specify the height and po- 
sition of the cursor on the character block. 
The 'first' line is the topmost line when scan- 
ning from the top to the bottom of the 
screen. 



IR7[7:6]— Light Pen Line Position 

This field defines which of four scan lines of 
the character row will be used for the light 
pen strike-thru attribute by the 2673 VAC. 
The timing signal is multiplexed onto the 
DADD9/LPL output during the falling edge 
of BLANK. 



IR7[5] — Cursor Blink Enable 

This bit controls whether or not the cursor 
output pin will be blinked at the selected 
rate (IR10[7]). The blink duty cycle for the 
cursor is 50%. 



IR7[4]~Double Height Character 
Row Enable 

If enabled, the number of each scan line will 
be repeated twice in succession, causing 
the height of the character row to double. 
This bit can be changed at any time but will 
only become effective at the beginning of 
the character row following the time it is 
changed. This allows selected character 
rows to be of double height. The split screen 
interrupt can be used to notify the CPU when 
to effectuate changes to this bit. For each 
double height row which replaces a normal 
row, one row count should be subtracted 
from the 'character rows per screen' field 
(IR4) to maintain the same total number of 
scan lines per field. 



IR7[3:0]— Underline Position 

This field defines which scan line of the 
character row will be used for the underline 
attribute by the 2673 VAC. The timing signal 
is multiplexed onto the DADD10/UL output 
during the falling edge of BLANK. 
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IR9[3:0], IR8[7:0]— Display Buffer 
First Address 

IR9[7:4]— Display Buffer Last Ad- 
dress 

These two fields define the area within the 
buffer memory where the display data will 
reside When the data at the 'display buffer 
last address' is displayed, the PVTC will 
wrap— around and obtain the data to be dis- 
played at the next screen position from the 
'display buffer first address*. If 'last ad- 
dress' is the end of a character row and a 
new screen start address has been loaded 
into the screen start register, or if 'last ad- 
dress' is the last character position of the 



screen, the next data is obtained from the 
address contained in the screen start 
register. 

Note that there is no restriction in displaying 
data from other areas of the addressable 
memory. Normally, the area between these 
two bounds is used for data which can be 
overwritten (e.g., as a result of scrolling), 
while data that is not to be overwritten would 
be contained outside these bounds and 
accessed by means of the split screen inter- 
rupt feature of the PVTC. 

IR10[7] - Cursor Blinlc Rate 

The cursor blink rate can be specified at 
1 / 16 or 1 /32 of the vertical scan frequency. 



Blink IS effective only if blink is enabled by 
IR7[5]. 

IR10[6:0]— Split Screen Interrupt 

The split screen interrupt can be used to 
provide special screen effects such as a 
row of double height characters or to 
change the normal addressing sequence of 
the display memory. The contents of this 
field IS compared, in real time, to the current 
character row number. Upon a match, the 
PVTC sets the split screen status bit, and 
issues an interrupt request if so pro- 
grammed The status change /interrupt re- 
quest IS made at the beginning of scan line 
zero of the split screen character row. 
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Timing Considerations 

Normally, the contents of the Initialization 
registers are not changed during operation. 
However, this may be necessary to imple- 
ment special display features such as multi- 
ple cursors, smooth scrolling, horizontal 
scrolling, and double height character rows. 
Table 2 describes timing details for these 
registers which should be considered when 
implementing these features. 



Table 2 TIMING CONSIDERATIONS 



PARAMETER 


TIMING CONSIDERATIONS 


First line of cursor 
Last line of cursor 
Light pen line 
Underline 


These parameters must be estab- 
lished at a minimum of two character 
times prior to their occurence. 


Double height characters 


Set /reset during the character row 
prior to the row which is to be /not to 
be double height 


Cursor blink 
Cursor blink rate 
Character blink rate 


New values become effective within 
one field after values are changed 


Split screen interrupt row 


Change anytime prior to line zero of 
desired row 


Character rows per screen 


Change only auring vertical blanking 
period 


Vertical front porch 


Change prior to first line of Vpp 


Vertical back porch 


Change prior to fourth line after 
VsYNC 


Screen start register 


Change prior to the horizontal 
blanking interval of the last line of 
character row before row where new 
value is to be used 
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DISPLAY CONTROL REGISTERS 

There are nine registers in this group, each 
with an individual address. Their formats are 
illustrated in figure 15. The command regis- 
ter is used to invoke one of 16 possible 
PVTC commands as described in the COM- 
MANDS section of this data sheet. The re- 
maining registers in the group store address 
values which specify the cursor and buffer 
pointer locations, the location of the first 
character to be displayed on the screen, 
and the location of a light pen 'hit'. With the 
exception of the light pen register, the user 
initializes these registers after powering on 
the system and changes their values to con- 
trol the data which is displayed. 

Screen Start Registers 

The screen start registers contain the ad- 
dress of the first character of the first row 
(upper left corner of the active display). At 
the beginning of the first scan line of the first 
row, this address is transferred to the row 
start register (RSR) and into the memory 
address counter (MAC). The counter is then 
advanced sequentially at the character rate 
the number of times programmed into the 
active characters per row register (IRS), 
thus reaching the address of the last char- 
acter of the row plus one. At the beginning of 
each subsequent scan line of the first row, 
the^MAC is reloaded from the RSR and the 
above sequence is repeated. At the end of 
the last scan line of the first row, the con- 
tents of the MAC is loaded into the RSR to 
serve as the starting memory address for 
the second character row. This process is 
repeated for the programmed number of 
rows per screen. Thus, the data in the dis- 
play memory is displayed sequentially start- 
ing from the address contained in the screen 
start register. After the ensuing vertical re- 
trace interval, the entire process repeats 
again. 



The sequential operation described above 
will be modified upon the occurence of ei- 
ther of two events. First, if during the incre- 
menting of the memory address counter the 
'display buffer last address' (IR9[7:4]) is 
reached, the MAC will be loaded from the 
'display buffer first address' register 
(IR9[3:0], IR8[7:0]) at the next character 
clock. Sequential operation will then resume 
starting from this address. This wraparound 
operation allows portions of the display buff- 
er to be used for purposes other than stor- 
age of displayable data and is completely 
automatic without any CPU intervention (see 
figure 16a). 

The sequential row to row addressing can 
also be modified under CPU control. If the 
contents of the screen start register (upper, 
lower, or both) are changed during any char- 
acter row (say row 'n'), the starting address 
of the next character row (row 'n + 1') will 
be the new value of the screen start register 
and addressing will continue sequentially 
from there. This allows features such as 
split screen operation, partial scroll, or sta- 
tus line display to be implemented. The split 
screen interrupt feature of the PVTC is use- 
ful in controlling this type of operation. Note 
that In order to obtain the correct screen 
display, the screen start register must be 
reloaded with the original value prior to the 
end of the vertical retrace. See figure 16b. 

During vertical blanking the address counter 
operation is modified by stopping the auto- 
matic load of the contents of the RSR into 
the counter, thereby allowing the address 
outputs to free— run. This allows dynamic 
memory refresh to occur during the vertical 
retrace interval. The refresh addressing 
starts at the last address displayed on the 
screen and increments by one for each char- 
acter clock during the retrace interval. If the 
display buffer last address is encountered. 



refreshing continues from the display buffer 
first address. 

Cursor Address Registers 

The contents of these registers defines the 
buffer memory address of the cursor. If en- 
abled, the cursor output will be asserted 
when the memory address counter matches 
the value of the cursor address registers. 
The cursor address registers may be read 
or written by the CPU or incremented via the 
'increment cursor address' command. In in- 
dependent buffer mode, these registers de- 
fine a buffer memory address for PVTC con- 
trolled access in response to 'read /write at 
cursor with /without increment' commands, 
or the first address to be used in executing 
the 'write from cursor to pointer' command. 

Display Pointer Address Registers 

These registers define a buffer memory ad- 
dress for PVTC controlled accesses in re- 
sponse to 'read/write at pointer' com- 
mands They also define the last buffer 
memory address to be written for the 'write 
from cursor to pointer' command. 

Light Pen Address Registers 

If the light pen input is enabled, these regis- 
ters are used to store the current character 
address upon receipt of a light pen strobe 
input. Several sources of delay between the 
display of a character upon the screen and 
the receipt of a light pen hit can be expected 
to exist in a system environment. These de- 
lays include address pipelining in the char- 
acter generation circuits, delays in the video 
generation circuits, and delays in the light 
detection circuitry itself These delays 
cause the value stored in the light pen regis- 
ter to differ from the actual address of the 
character at which the light pen hit actually 
was detected. Software must be used to 
correct this condition. 
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DISPLAY CONTROL REGISTER FORMATS 
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INTERRUPT/STATUS REGISTERS 

The interrupt and status registers provide 
Information to the CPU to allow It to interact 
with the PVTC to effect desired changes to 
implement various display operations. The 
interrupt register provides information on 
five possible interrupting conditions, as 
shown In figure 17. These conditions may be 
selectively enabled or disabled (masked) 
from causing interrupts by certain PVTC 
commands. An interrupt condition which Is 
ena bled ( mask bit equal to one) will cause 
the INTR output to be asserted and will 
cause the corresponding bit in the Interrupt 
register to be set upon occurrence of the 
interrupting condition. An interrupt condition 
which is disabled (mask bit equal to zero) 
has no effect on either the INTR output or 
the Interrupt register. 

The status register provides six bits of sta- 
tus Information: the five possible Interrupting 
conditions plus the NOT BUSY bit. For this 
register, however, the contents are not 
effected by the state of the mask bits. 

Descriptions of each interrupt /status regis- 
ter bit follow. Unless otherwise indicated, a 
bit, once set, will remain set until reset by 
the CPU by issuing a 'reset interrupt /status 
bits' command. The bits are also reset by a 
'master reset' command and upon 
power— up. 

SR[5] - RDFLG 

This bit Is present In the status register only. 
A zero Indicates that the PVTC is currently 
executing the previously issued command. A 
one Indicates that the PVTC Is ready to ac- 
cept a new command. 

I/SR[4] - VBLANK 

Indicates the beginning of a vertical blanking 
interval. Is set to a one at the beginning of 
the first scan line of the vertical front porch. 

I/SR[3] - Line Zero 

Is set to a one at the beginning of the first 
scan line (line 0) of each active character 
row. 

I/SR[2] - Split Screen 

This bit is set when a match occurs between 
the current character row number and the 
value contained in the split screen Interrupt 
register, IR10[6:0]. The equality condition is 
only checked at the beginning of line zero of 
each character row. This bit is reset when 
either of the screen start registers is loaded 
by the CPU. 

I/SR[1] - Ready 

Certain PVTC commands affect the display 
and may require the PVTC to wait for a 
blanking interval before enacting the com- 
mand. This bit Is set to one when execution 
of the command has been completed. No 
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INTERRUPT AND STATUS REGISTER FORMAT 
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'Status register only Always when reading interrupt register 

Figure 17 



command should be invoked until the prior register have been updated. This bit will be 
command is completed. reset when either of the light pen registers Is 

l/SR[0] - Light Pen '^^"^ 

A one Indicates that a light pen hit has oc- 
curred and that the contents of the light pen 
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COMMANDS 

The PVTC commands are divided Into two 
classes the Instantaneous commands, 
which are executed immediately after they 
are Invoked, and the delayed commands 
which may need to wait for a blanking inter- 
val prior to their execution. Command for- 
mats are shown in table 3. The commands 
are asserted by performing a write oper- 
ation to the command register with the ap- 
propriate bit pattern as the data byte. 

Instantaneous Commands 

The instantaneous commands are executed 
immediately after the trailing edge of the WR 
pulse during which the command is issued. 
These commands do not affect the state of 
the RDFLG or READY interrupt /status bits. 
However, a command should not be invoked 
if the RDFLG bit is low 

Master Reset 

This command initializes the PVTC and may 
be Invoked at any time to return the PVTC to 
Its initial state. Upon power-up, two 
successive master reset commands must 
be applied to release the PVTC's internal 
power on circuits. In transparent and shared 
buffer modes, the CNTRL1 input must be 
high when the command is issued. The com- 
mand causes the following- 

1. VSYNC and HSYNC are driven low for the 
duration of RESET and BLANK goes high. 
BLANK remains high until a 'display on' 
command is received. 

2. The Interrupt and status bits and masks 
are set to zero, except for the RDFLG flag 
which is set to a one. 

3. The transparent mode, cursoroff, display 
off, and light pen disable states are set. 

4. The initialization register pointer is set to 
address IRO. 

Load IR Address 

This command is used to preset the 
initialization register pointer with the value 
'V defined by D3— DO. Allowable values are 
Oto 10. 

Enable Light Pen 

After invoking this command, receipt of a 
light pen strobe input will cause the light pen 
register to be loaded with the current buffer 
memory address and the corresponding in- 
terrupt and status flag to be set Once load- 
ed, further loads are inhibited until either 
one of the light pen registers are read or a 
reset function is performed. 

Disable Light Pen 

Light pen hits will not be recognized. 
Display Off 

Asserts the BLANK output The DADDO thru 
DADD13 display address bus outputs may 



Table 3. PVTC Command Formats 
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Delayed Commands: 
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Write at pointer address 
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1 


A9 


Increment cursor address 
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10 110 
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Read at cursor address 


1 


10 10 1 





AA 


Write at cursor address 


1 


10 110 
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AD 


Read at cursor address and increment 
address 


1 


10 10 1 


1 


AB 


Write at cursor address and increment 
address 


1 


1110 1 


1 


BB 


Write from cursor address to pointer address 


NOTES 








1 Any combination of these three command 


s IS valid 




2 Any combination of these three command 


s IS valid 




3 d = 


= don't care 









be optionally placed in the three— state con- 
dition by setting bit 2 to a '1' when invoking 
the command. 

Display On 

Restores normal blanking operation either 
at the beginning of the next field (bit 2=1) 
or at the beginning of the next scan line (bit 
2 = 0). Also returns the DADD0-DADD13 
drivers to their active state 

Cursor Off 

Disables cursor operation. Cursor output is 
placed in the low state. 

Cursor On 

Enables normal cursor operation. 

Reset Interrupt /Status Bits 

This command resets the designated bits in 
the interrupt and status registers. The bit 
positions correspond to the bit positions in 
the registers: 

Bit - Light pen 
Bit 1 - Ready 
Bit 2 - Split screen 
Bit 3 — Line zero 
Bit 4 - Vertical blank 



Disable Interrupts 

Sets the interrupt mask to zeros for the des- 
ignated conditions, thus disabling these 
conditions from asserting the INTR output. 
Bit position correspondence is as above. 

Enable Interrupts 

Resets the selected interrupt and status 
register bits and writes the associated inter- 
rupt mask bits to a one. This enables the 
corresponding conditions to assert the INTR 
output Bit position correspondence is as 
above 

Delayed Commands 

This group of commands is utilized for the 
independent buffer mode of operation, al- 
though the 'increment cursor' command can 
also be used in other modes. With the ex- 
ception of the 'write from cursor to pointer' 
and 'increment cursor' commands, all the 
commands of this type will be executed im- 
mediately or will be delayed depending on 
when the command is invoked. If invoked 
during the active screen time, the command 
IS executed at the next horizontal blanking 
interval. If invoked during a vertical retrace 
interval or a 'display off state, the command 
IS executed immediately. 
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The 'increment cursor' and 'write from 
cursor to pointer' commands are executed 
immediately after they are issued. 'Incre- 
ment cursor' requires approximately three 
CCLK periods for completion. 'Write from 
cursor to pointer' asserts the BLANK output 
during its execution. BLANK will not be re- 
leased until the beginning of the vertical 
blanking interval following the last write op- 
eration. A second 'write from cursor to point- 
er' command should not be issued until this 
time. 

In all cases, the PVTC will assert the 
READY /RDFLG status to signify completion 
of the command. No other commands should 
be given until the current command is com- 
pleted. Therefore, the READY interrupt or 



RDFLG status flag should be used for 
handshaking control between the PVTC and 
CPU when using these commands. 

Read /Write at Pointer 

Transfers data between the display buffer 
and the bus interface latch using the ad- 
dress contained in the pointer register. 

Read /Write at Cursor 

Transfers data between the display buffer 
and the bus interface latch using the ad- 
dress contained in the cursor register. 

Increment Cursor 

Adds one (modulo 16K) to the cursor ad- 
dress register. 



Read /Write at Cursor and 
Increment 

Transfers data between the display buffer 
and the bus interface latch using the ad- 
dress contained in the cursor register and 
then adds one (modulo 16K) to the cursor 
address register. 

Write from Cursor to Pointer 

Writes the data contained in the bus inter- 
face latch into the block of display memory 
designated by the the cursor address and 
pointer address registers, inclusive. After 
completion of the command, the pointer ad- 
dress will be unchanged, but the cursor reg- 
ister contents will be equal to the pointer 
address. 



ABSOLUTE MAXIMUM RATINGS i 



PARAMETER 


RATING 


UNIT 


Operating ambient temperature^ 

Storage temperature 

All voltages with respect to ground^ 


to -1-70 
-65 to -1-150 
-0.5 to -1-6.0 


°C 

°c 

V 



DC ELECTRICAL CHARACTERISTICS Ta = CC to + 70°C, Vcc = 5.0V ± 5%^5,6 














LIMITS 




PARAMETER 


TEST CONDITIONS 


Min 


Typ 


Max 


UNIT 


V|L Input low voltage 








0.8 


V 


VjH Input high voltage 




2.0 






V 


Vol Output low voltage 


'OL = ^ 6mA 






0.4 


V 


Vqh Output high voltage 












(except INTR output) 


IOH = -100uA 


2.4 






V 


l|L Input leakage current 


V|N = OtoVcc 


-10 




10 


AtA 


III Data bus 3-state leakage current 


Vo = to Vcc 


-10 




10 


mA 


Iqd INTR open drain output leakage current 


Vo = to Vcc 






10 


mA 


Ice Power supply current 








160 


mA 



NOTES 

See next page 
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AC ELECTRICAL CHARACTERISTICS Ta=0«C to +70°C, Vcc = 5.0V ±5%''567,8 



PARAMETER 


TEST CONDITIONS 


TENTATIVE LIMITS 


UNIT 


Min 


Typ 


Max 


Bus Timing (Fig. 18)® 

*AS A0-A2 setup time to WR, RD low 
Uh A0-A2 hold time from WR, RD high 
tcs CE setup time to WR, RD low 
tcH CE hold time from WR, RD high 
tpvv WR, RD pulse width 
tpD Data valid after RD low 
tpp Data bus floating after RD high 
tps Data setup time to WR high 
tDH Data hold time from WR high 
tec Time between READs and/or WRITEs^° 




30 






250 

150 



600 




200 
100 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


CCLK Timing (Fig. 19) 
tcCP CCLK period 
tCCH CCLK high time 
tCCL CCLK low time 
tCCD Output delay from CCLK edge 




250 
100 
100 




150 


ns 
ns 
ns 
ns 


Other Timings (Fig. 20) 
tRDL READY / RDFLG low from WR high® 




120 
-10 




600 

150 
150 

150 
600 


ns 

ns 
ns 

ns 

ns 
ns 
ns 


tBAK BACK high from PBREQ low 
tBXT BEXT high from PBREQ high 
t|_p3 Light pen strobe setup time to 

CCLK low 
^LPH Light pen strobe hold time from 

CCLK low 
t|RL INTR low from CCLK low 
t|RH INTR high from WR, RD high® 



Notes: 

1 Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device This is a stress rating only and functional operation of the device 
at these or at any other condition above those in the operation section of this specifi- 
cation IS not implied 

2 For operating at elevated temperatures, the device must be derated based on +150°C 
maximum junction temperature and thermal resistance of 55°C/W junction to ambient 
(IWA ceramic package) 

3 This product includes circuitry specifically designed for the protection of its internal 
devices from damaging effects of excessive static charge Nonetheless, it is suggest- 
ed that conventional precautions be taken to avoid applying any voltages larger than 
the rated maxima 

4 Parameters are valid over specified temperature range 



5 All voltage measurements are referenced to ground (GND) 

6 Typical values are at -l-25°C, typical supply voltages, and typical processing param- 
eters 

7 For testing, all input signals swing between 4V and 2 4V with a transition time of 20ns 
maximum All time measurements are referenced at input voltages of 8V and 2 OV and 
output voltages of 8V and 2 OV as appropriate 

8 Test condition for outputs Cl = 150pF 

9 Timing is illustrated and specified referenced to WR and RD inputs Device may also be 
operated with CE as the 'strobing' input In this case, all timing specifications apply 
referenced to falling and rising edges of CE 

10 1 microsecond minimum after 'master reset' command 
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BUS TIMING 



■:x 
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D0-D7 
(WRITE) 
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1 



V 



I 



t - \ 



Figure 18 



CCLK TIMING 



'-r\ 



l-tCCL- 
tCCD 



■t 



V. 



TL 



NOTES 

1 DADD0-DADD13, BLANK. HSYNC. CSYNC/VSYNC. CURSOR, BEXT. BREQ. BCE, 
MBC. BACK 

2 BCE changes state on both CCLK edges— (see Figures 3 and 4) 



Figure 19 
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Figure 20 
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COMPOSITE SYNC TIMING 



EVEN FIELD 

LAST DISPLAYED SCAN 
OF PREVIOUS FIELD 

1 ^ 

CSYNC I 



■ VERTICAL FRONT PORCH - 



- VERTICAL SYNC PULSE - 



[UJLJjuuLJLJiJinjiruiriiiJU^^ 



- VERTICAL BACK PORCH - 



."LJ 



VERTICAL BLANKING INTERVAL 



^U"L 



- VERTICAL FRONT PORCH -'/jH - 



"• VERTICAL SYNC PULSE - 



- VERTICAL BACK PORCH -'/a H - 

—-\ V2 H [*— 



■^jiiJU^n^yjuuLJUiannju^juuLj^^ 



/ 



H HORIZONTAL SYNC 



— Ih- 



ILJl 



[-• *\ H PERIOD 



• VERTICAL BLANKING INTERVAL - 



NOTES 

1 In non-interlaced operation the even field is repeated continuously, and the odd field 
IS not 

2 In interlaced operation the even field alternates with the odd field Figure 2 1 



LnjT 



HORIZONTAL BLANKING INTERVAL 
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DESCRIPTION 

The Signetlcs 2673A and 2673B Video Attrl- 
butes Controllers (VAC) are bipolar LSI de- 
vices designed for CRT terminals and display 
systems that employ raster scan techniques. 
Each contains a high speed video shift regis- 
ter, field and character attributes logic, attri- 
bute latch, cursor format logic and half dot 
shift control. 

The VAC provides control of visual attributes 
on a field or character by character. Internal 
logic preserves field attribute data from char- 
acter row to character row so that an attribute 
byte is not required at the beginning of each 
row. The 2673B provides for reverse video, 
blank (non-display), blinl<, underline and high- 
light attributes and a graphic smode attribute 
to work in conjunction with the Signetlcs 
2670 Display Character and Graphics Gener- 
ator (bCGG). The 2673A substitutes a light 
pen (strike-thru) attribute for the graphics 
attribute. 

The horizontal dot frequency is the basic 
timing input to the VAC. jnternaliy, this clock 
Is divided down to provide a character clock 
output for system synchronization. Up to ten 
bits of video dot data are parallel loaded 
into the video shift register on each charac- 
ter boundary. The video data is shifted out 
on three outputs at the dot frequency. On 
the VIDEO output, the data is presented as a 
three level signal representing low, medium 
and high intensities. The three intensities 
are also encoded on two TTL compatible 
video outputs. Light or dark screen back- 
ground can be selected. 



FEATURES 

• 25MHz video dot rate 

• Three level current driven (75 ohms) 
video output 

• Three level encoded TTL video outputs 

• Character/field attribute logic 
Reverse video 

Character blank 
Character blink 
Underline 



PIN CONFIGURATION 



Light pen strike-thru or graphics 
control 

• Field attributes extend from row to row 

• Light or dark field 

• Cursor reverse video logic 

• Up to 10 dots per character 

• Composite blanking for light field 
retrace 

• Optional field graphics control output 

• High speed bipolar design 

• 40 pin dual In-line package 

• TTL compatible 

• Compatible with Signetlcs 2672 PVTC 
and 2670 DCQG 

APPLICATIONS 

• CRT terminals 

• Word processing systems 

• Small business computers 

ORDERING CODE 









vbb \T 




40]VCC 


D3 [T 




39] 02 


D4 fT 




38] 01 


05 [T 




^00 


D6 \T 




36] roUR 


D7 fT 




35] ceo 


08 {T 




34] CC1 


09 \T 




33] CC2 


RESET [T 




32]0CLK 


BKGND n? 




31] CBLANK 


acd|Ti" 




30] TTLVID1 


amodeQJ 




29] TTLVI02 


aflg[i? 




28] VIDEO 


CURSOR IjT 




27] HOOT 


BLANK [i? 




26] ABLANK 


ul[i? 




25] ABLINK 


BLINK [Tt" 




24) AUL 


LLfis" 




23] AHILT 


LPL/GMD [T? 




22] ARVID 


GNPfio 




21] ALTPEN/AGM 




TOP VIEW 





PACKAGES 


COMMERCIAL RANGES 
Vcc = 5V ± 5%, Vbb = l-SV ± 10%, Ta = 0°C to 70X 


Ceramic DIP 
Plastic DIP 


GRAPHICS ATTRIBUTE 
SC2673BC5I40 
SC2673BC5N40 


LIGHT PEN ATTRIBUTE 
SC2673AC5I40 
SC2673AC5N40 



BLOCK DIAGRAM 



VIDEO ATTRIBUTES CONTROLLER 



CCO - 
CC1 - 
CC2 - 



'7=> 



VIDEO SHIFT 

REGISTER 
— 12 BITS — 



CURSOR - 

ARVID - 

ABLANK - 

ABLINK - 

AHILT - 

AUL- 

ALTPEN/AQM- 

AFLG- 

AMODE - 

ACD- 

BLINK - 



ATTRIBUTE AND 

CURSOR CONTROL 

LOGIC AND 



:^ 



VIDEO 

AND 

ATTRIBUTE 





3-LEVEL 
DRIVER 


— 










TTL 
DRIVERS 


Z^ 











"■TTLVID1 
► TTLVID2 



BKGND 
CBLANK 



-Vcc 
-Vbb 
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PIN DESIGNATION 



MNEMONIC 



PIN NO. 



TYPE 



NAME AND FUNCTION 



DCLK 


32 


CCLK 


36 


CC2-CC0 


33-35 


D0-D9 


37-39, 2-8 


HDOT 


27 


CURSOR 


14 


BKGND 


10 


BLANK 


16 


CBLANK 


31 


ARVID 


22 


AHILT 


23 


ABLANK 


26 


ABLINK 


25 


AUL 


24 


ALTPEN/AGM 


21 



AMODE 
AFLG 



ACD 



12 
13 



Dot Clock: Dot frequency input. Video output shift rate. 

Character Clock: A submultiple of DCLK. The frequency ranges from one sixth to one twelfth 

of DCLK, as determined by the state of the CC0-CC2 inputs. 

Character Clock C ontrol: The logic state on these three static inputs determine the internal 
divide factor for the CCLK output rate. Character clock rates of 6 thru 12 dots per character 
may be specified. 

Dot Data Input: These are parallel inputs corresponding to the character /graphic symbol dot 
data for a given scan line. These inputs are strobed into the video shift register on the falling 
edge of each character clock. 

Half Dot Shift: When this input is high, the serial video output is delayed by one half dot time. 

This input is latched on the falling edge of each character clock. 

Cursor Timing: This input provides the timing for the cursor video. When high, effectively 

reverses the intensities of the video and attributes. Cursor position, shape, and blink rate are 

controlled by this input. 

Background Intensity: Specifies light or dark video during BLANK and character fields. 

Affects the intensities of all attributes. 

Screen Blank: When high, this input forces the video outputs to the level specified by the 
BKGND input (either high or low intensity). Not effective when CBLANK is high. 
Composite Blank: Used with the TTL video outputs only. When high, this input forces the 
video outputs to a low intensity state for retrace blanking. When BKGND input is low, or when 
using video outputs, this input may be tied low. 

Reverse Video Attribute: The intensity of the associated character or field video is reversed. 
All other attributes are effectively reversed. 

Highlight Attribute: All dot video (including underline) of the associated character or field is 

highlighted with respect to the BKGND input and the reverse video attribute. 

Blank Attribute: Generates a blank space in the associated character or field. The blank 

space intensity is determined by the BKGND input, the reverse video attribute, and the 

CURSOR input. 

Blink Attribute: The associated character or field video is driven to the intensity determined 

by BKGND and the reverse video attribute when the BLINK input is high. 

Underline Attribute: Specifies a line to be displayed on the character or field. The line is 

specified by the UL input. All other attributes apply to the underline video. 

Light Pen Attribute (2673A): Specifies a highlighted line to be displayed on the character or 

field. The line is specified by the LPL input. 

Attribute Graphics Mode (2673): This input is latched and synchronized to provide a field 

GMD output for the 2670 DCGG. 

Attribute Mode: Specifies character (AMODE = 0) or field (AMODE = 1) attributes mode. 

Attributes Flag: The VAC samples and latches the attributes inputs when this input is high. If 

field attributes are specified (AMODE = 1), the attributes are double buffered on a row basis. 

Thus, each scan line of every character row will start with the attributes that were valid at the 

end of the previous row. 

Attribute Control Display: In field attributes mode (AMODE = 1), if ACD = 0, the first 

character in each new attribute field (the attribute control character) will be suppressed and 

only the attributes will be displayed. If ACD = 1, the first character and the attributes are 

displayed. This input has no effect in character mode (AMODE = 0). 
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PIN DESIGNATION (continued) 



MNEMONIC 


PIN NO. 


TYPE 


NAME AND FUNCTION 


BLINK 


17 


1 


Blink: This input is sampled on the falling edge of BLANK to provide the blink rate for the 
character blink attribute It should be a submultiple of the frame rate 


UL 


16 


1 


Underline: Indicates the scan line(s) for the underline attribute. Latched on the falling edge of 
BLANK. 


LPL/GMD 


19 


1 


Light Pen Line (2673A): Indicates the scan line(s) for the light pen strike-thru attribute. 
Latched on the falling edge of BLANK. 









Graphics Mode (2673): This output provides a synchronized, latched, field graphics mode 
corresponding to the AGM input This output can be used to control the GM input on the 2670 
DCGG. 


LL 


18 


1 


Last Line: Indicates the last scan line of each character row Used internally to extend field 
attributes across row boundaries Latched on the falling edge of BLANK. This input has no 
effect in character mode (AMODE = 0). 


VIDEO 


28 





Video: A three level serial video output which corresponds to the composite dot pattern of 
characters, attributes and cursor. 


TTLVID1 


30 





TTL Video 1: This output corresponds to the serial, non-highlighted video dot pattern 


TTLVID2 


29 





TTL Video 2: This output corresponds to the highlighted serial video dot pattern Should be 
used with TTLVID1 to decode a composite video of three intensities 


RESET 


9 


1 


Manual Reset: This active high input initializes the internal logic and resets the attribute 
latches. Normally used for testing. 


vcc 


40 


1 


Power Supply: +5 Volts ± 5% 


vbb 


1 


1 


Bias Supply: +1.5 Volts ± 10% 


GND 


20 


1 


Ground: OV reference 



FUNCTIONAL DESCRIPTION 

The VAC consists of four major sections 
(see block diagram). The high speed dot 
clock input is divided internally to provide a 
character clock for system timing. The par- 
allel dot data is loaded into the video shift 
register on each character boundary and 
shifted into the video logic block at the dot 
rate. The six attribute inputs are latched in- 
ternally and combined with the serial dot 
data to provide a three level video source 
for the monitor. 

A separate BLANK input defines the active 
screen area. When BLANK = 0, the video 
levels are derived internally by the combina- 
tions of dot data, attributes, cursor, and the 
state of the BKGND input. Either black or 
white background can be selected. Symbols 
(dot data) are normally gray and can be 
highlighted to white or black as shown in 
figure 1. Note that the VIDEO output is in- 
verted as referenced to the TTL video out- 
puts. 

During the inactive screen area (BLANK = 
1), the video level produced by the TTL out- 
puts is either white (BKGND = 1) or black 
(BKGND = 0). A separate composite blank 
(CBLANK) input is provided to suppress ras- 
ter retrace video when white background is 
specified. During the inactive screen area 
(BLANK = 1), the video level produced by 
the VIDEO output is either black (BKGND = 
1) or white (BKGND = 0). For the latter 



CC2 


CC1 


ceo 


CCLK 


DOTS/CHARACTER 


DUTY CYCLE 











6 


3/3 








1 


6 


3/3 





1 





7 


4/3 





1 


1 


8 


4/4 


1 








9 


5/4 


1 





1 


10 


5/5 


1 


1 





11 


6/5 


1 


1 


1 


12 


6/6 



case, raster retrace video suppression is 
accomplished by raising the BKGND input 
during horizontal and vertical retrace inter- 
vals For black background, tie BKGND high. 
Tie CBLANK input low for both cases. 

Character Clock Counter 

The character clock counter divides the fre- 
quency on the DCLK input to generate the 
character clock (CCLK). The divide factor is 
specified by the clock control inputs (CCO- 
CC2) as follows: 

Video Shift Register 

On each character boundary, the parallel 
data (D0-D9) is loaded into the video shift 
register. The data is shifted out least signifi- 
cant bit first (DO) by the DCLK. If 1 1 or 12 
dots /character are specified (CC2-CC0 = 
110 or 1 1 1), a (blank dot) is always shifted 



Signetics 



out before DO. For 12 dots /character, a is 
also shifted out after D9. The serial dot data 
is shifted into the video logic where it is 
combined with the cursor and attributes to 
encode three levels of video. 

Attribute and Cursor Control 

The VAC visual attributes capabilities in- 
clude: reverse video, character blank, blink, 
underline, highlight, and light pen strike-thru. 
The six attributes and the three attribute 
control inputs (AMODE, AFLG, and ACD) are 
clocked into the VAC on the falling edge of 
CCLK. If AFLG is high, the attributes are 
latched internally and are effective for either 
one character time (AMODE = 0) or until 
another set of attributes is latched (AMODE 
= 1). The attributes set is double buffered 
on a row by row basis internally. Using this 
technique, field attributes can extend 
across character row boundaries thereby 
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ENCODED VIDEO OUTPUTS 
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Figure 1 



eliminating the necessity of starting each 
row with an attribute set. 

When field attribute mode is selected, 
(AMODE = 1), the VAC will accommodate 
two attribute storage configurations. In one 
configuration, the attribute control data is 
stored in the refresh RAM, taking the place 
of the first character code in the field to be 
affected. For this mode, the ACD input Is 
tied low and blank characters will be dis- 
played in the screen positions occupied by 
the attribute data (see figure 10). In the sec- 
ond configuration, (ACD = 1), the character 
codes and attribute data are presented to 
the VAC in parallel. In this mode, dot data is 
displayed at each character position (see 
figure 11). z' 

The CURSOR and the attribute input signals 
are pipelined internally to allow for system 
propagations (one CCLK for refresh RAM, 
one CCLK for dot generator). The attribute 
timing signals BLINK, UL, LPL and LL are 
clocked into the VAC at the beginning of 
each scan line by the falling edge of the 
BLANK input. Thus, these signals must be in 
their proper state at the falling edge of 
BLANK preceding the scan line at which 
they are to be active (see figure 4). 

Video Logic 

The serial dot data and the pipelined cursor 
and attributes are combined to generate the 
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TTLVID2 


TTLVID1 


INTENSITY 





1 
1 



1 

1 


Black (or CBLANK) 
Gray (on black surround) 
Gray (on white surround) 
White 



NOTE 

The TTLVID 1 output can be used independently to generate a two level non-highlighted video 



three level current source on the VIDEO out- 
put. The three levels (white, gray, and black) 
are also encoded on the two TTL compatible 
outputs TTLVID 1 and TTLVID2. The three 
levels are encoded as shown. 

The video is normally shifted out on the lead- 
ing edge of the DCLK. When the HDOT input 
is asserted, the corresponding dot data is 
delayed by one-half DCLK. This half dot 
shifting, when used on selected lines of 
character video, can be used to effect eye- 
pleasing character rounding as shown in 
figure 2. 

Attribute Hierarchy 

The video of each character block consists 
of four components as shown in figure 3. 

Symbol video is generated from the dot data 
inputs D0-D9. 

Underline video is enabled by the AUL 
attribute and is generated when the UL tim- 



ing Input is active. Underline and symbol vid- 
eo are always the same intensity. 

Strike-thru video is enabled by the ALTPEN 
attribute and is generated when the LPL tim- 
ing input is active. This video is always 
highlighted and takes precedence over the 
symbol and underline video. This feature ap- 
plies to the 2673A only. 

Surround video is the absence of symbol, 
underline and strike-thru video or the pres- 
ence of the non-display attributes (ABLANK 
or ABLINK • BLINK). 

The relative intensities of the four video 
components are determined by the remain- 
ing attributes (AHILT, ABLANK, ABLINK, 
ARVID) and the BKGND and CURSOR inputs 
as illustrated in table 1 . 
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Figure 2 



VIDEO COMPONENTS OF CHARACTER BLOCK 
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Figure 3 



ATTRIBUTES AND CONTROL INPUTS 
d = don't care 


RELATIVE VIDEO INTENSITIES 
W = White, B = Black, G = Gray 


BKGND5 


REVERSE^ 
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STRIKE 
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NOTES 

1 Reverse = ARVID • CURSOR + ARVID • CURSOR 

2 Non-display = ABLANK + ABLINK • BLINK 

3 See figure 3 

4 Symbol and underline video are always the same intensity 

5 Reverse sense for VIDEO output 



ABSOLUTE MAXIMUM RATINGSi 



Table 1. ATTRIBUTES HIERARCHY 



PARAMETER 


RATING 


UNIT 


Operating ambient temperature^ 

Storage temperature 

All voltages with respect to ground 


to +70 
-65 to +150 
-0.5 to +6.0 


°C 
V 



NOTES _ 

1 Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device This is stress rating only and functional operation of the device 
at these or at any other condition above those indicated in the operation section of this 
specification is not implied. 

2 For operating at elevated temperatures, the device must be derated based on +150°C 
maximum junction temperature and thermal resistance of eo^C/W junction to ambient 
(ceramic package) 
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DC ELECTRICAL CHARACTERISTICS Ta = o°C to +70''C, Vcc = 5V ±s%, Vbb = +i.sv ± io%3''= 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIn 


Typ 


Max 


V|i_ Input low voltage 
V|H Input high voltage 




2.0 




0.8 


V 
V 


Vol Output low voltage 
(except VIDEO) 

Vqh Output high voltage 
(except VIDEO) 


•OL " 1-6mA 
IOH = -100/iA 


2.4 




0.4 


V 
V 


Vb video black level 

Vq video gray level n 

Vw VIDEO white level 


Rl = 75Q to GND 
Rl = 75Q to GND 
Rl = 75fi to GND 





0.225 
0.50 




V 
V 
V 


l(L Input low current 
l|H Input high current 


V|N = 0.4V 
V,N = 2.4V 






-400/ 
-80010 
20/4010 


mA 
mA 


•CC Vcc supp'y current 
'BB Vbb supply current 


V|N = OV. Vcc = max 

Vbb - '"ax 






50 
100 


mA 
mA 



AC ELECTRICAL CHARACTERISTICS Ta = o*c to +70*c. Vcc = 5V ±5%, Vbb = +i.5V ± io%3^5 



PARAMETER 


TEST CONDITIONS 


TENTATIVE LIMITS 


UNIT 


MIn 


Typ 


Max 


Dot clock^ 

fp frequency 
tDH high 
tDL low 




15 
15 




25 


MHz 
ns 
ns 


Setup times to CCLK^ 

tBS BLANK 

tsc BLINK. UL. LPL. LL (ref to BLANK) 

tsA Attributes 

tsD Dot data D0-D9 

tsK CURSOR 

tps AFLG 

tSH HDOT 




35 
20 
35 
70 
35 
50 
35 






ns 
ns 
ns 
ns 
ns 
ns 
ns 


Hold times from C^LKJ 

tHC BLINK. UL. LPL. LL (ref to BLANK) 

tHA Attributes 

tHD Oct data D0-D9 

tHK CURSOR 

tFH AFLG 

tHH HDOT 




20 
35 

35 
50 
35 






ns 
ns 
ns 
ns 
ns 
ns 


Setup times to DCLKS 
tsG BKGND 
tsB CBLANK 




15 
15 






ns 
ns 


Hold times from DCLK^ 
tHG BKGND 
tHB CBLANK 




15 
15 






ns 
ns 


Delay tlmes^ 

tDGM GMD from DCLK 
tDC CCLK from DCLK 
tDV VIDEO, TTLVID 1 . and TTLVID2 
from DCLK 


Cl = 150pF 






60 
60 

75 


ns 
ns 

ns 



NOTES 

3 Parameters are valid over operating temperature range unless othenwise speci- 
fied. 

4. All voltage measurements are referenced to ground (V33). All input signals swing 
between 4V and 2 4V All time measurements are referenced at input voltages of 
0.8V, 2.0V and at output voltages of 8V, 2.0V as appropriate. 

5 Typical values are at +25°C, typical supply voltages and typical processing 
parameters 
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6. See figure 7. Half dot shift feature 18MHz max 

7. See figures 4, 5, 6, and 9 

8. See figure 8 

9 See figures 6 and 7. 
10 For DCLK input 
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VAC PIPELINE TIMING 
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.....^^ 
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NOTES 

1. Attri butes i nclude: ABLINK, ABLANK, ARVID, AUL, AHILT, and ALTPEN. 

2. One CCLK delay for dot data (obtained from delay througti character generator). 
3 See figure 7 for detail timing of VIDEO. TTLVIDI. TTLVID2. 

4. Non-active scan time. VIDEO reverts to polarity selected by the BKQND input. 



Figure 4 



CURSOR PIPELINE TIMING 




Figure 5 
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CHARACTER (AMODE = 0), FIELD (AMODE == 1), AND GMD ATTRIBUTE TIMING 




NOTE 

1 GMD output in 2673 version only See figure 7 for detail timing 



Figure 6 




VIDEO AND GMD PIPELINE TIMING 

*D H H *DH H— - H 'DL I-* 



XLAST - 1 Y LAST V Ist V 2nd V 

PIXEL A p'^^^*- L p'XE-- A p'^^*- A 



NOTE 

1 GMD output in 2673 version only 



CHARACTER N - 1 



I 



CHARACTER N 



-Hk— ti 

DC 



Figure 7 
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BKGND AND CBLANK TIMING DURING INACTIVE SCAN TIME (BLANK = 1) 




Figure 8 





HALF DOT SHIFT TIMING 


"LTL J LT. „ "_rU L~Lr 

\^ CHARACTER N »A 


ccnc voHi" 
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1 
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t t t t X )( X XX X 


LAST PIXEL / 
CHAR N - 1 
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/ CHARN ' / 


FIRST PIXEL 
CHARN 


/ / 

FIRST PIXEL / 
CHAR N + 1 




Figure 9 
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SYSTEM BLOCK DIAGRAM OF THE 2673 IN FIELD ATTRIBUTE MODE 
USING THE NARROW RAM (8 WIDE) CONFIGURATION 



f PAGE N ~\ 



^ 



2KX8 
PAGE 1 



t 



/ ^ CAi 
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^ 



RAM BYTE FORMAT 
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- AUL 



Figure 10 



' TO CRT CONTROLLER 



T 



-CAUSES 
ATTRIBUTE BYTE 
TO BE DISPLAYED 



"=" AS A BLANK CHARACTER 



SYSTEM BLOCK DIAGRAM OF THE 2673 IN FIELD OR CHARACTER ATTRIBUTE MODE 
USING THE WIDE RAM CONFIGURATION 



- CHARACTER CODE 



2KX8 
PAGE 1 



T^ri 



CA6 D9 

GMD 



' PAGE N "1 



^ 



II 



NOT USED — 

aflg1 

ABLINK 



iJ 



t^ 



ARVID 
AHILT 



^ =: 



-N 



^ ^ 



CClk 

DCLK 



ABLINK 
ABLANK 
AFLGI 



TO CRT CONTROLLER 



FIELD ATTRIBUTES 



NOTE 

1 For operation in character attribute mode, tie AFLG high 



Figure 1 1 
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VIDEO OUTPUT STAGES OF THE 2673 
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Figure 12 
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PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

The Signetics SAA5020/SAA5025 Video- 
text Timing Chains (VTIC) are MOS 
N-channel integrated circuits which per- 
form the timing functions necessary for 
the display of viewdata and teletext infor- 
mation on an interlaced or non-interlaced 
CRT monitor. 

The SAA5020/SAA5025 are compatible 
with the British videotext standards, cur- 
rently implemented in systems such as 
Prestel, Ceefax, and Oracle. The SAA5020 
is intended for use with PAL(625 line) tele- 
vision standards, while the SAA5025 is in- 
tended for use with systems employing 
the NTSC (525 line) television standard. 

The basic input to the VTIC is a SIVIHz 
clock signal. This is subdivided internally 
to produce various synchronized timing 
outputs including the character and dot 
rate clocks for the character generator, a 
composite sync output for the monitor, 
and row address outputs and a column 
address clock for the display memory. 

Several versions of the VTIC are available 
to meet the requirements of various appli- 
cations. Basic characteristics of the vari- 
ants are: 



FEATURES 

• Compatible with British videotext 
standards 

• 625 line (PAL) and 525 line (NTSC) 
versions 

• 40 characters per row, 20 or 24 rows per 
screen 

• Sync inputs allow synchronization with 
other video sources 

• Composite sync output 

• Display addressing outputs 

• Double height character capability 

• Character rounding output to SAA5050 

• Single 5-volt power supply 



PIN CONFIGURATION 









Vss [T 




24] RACK 


F6 [T 




23] A4 


TR6 \T 




22] A3 


F1[I 




H] A2 


AHS U 




20] A1 


FLR U 




]9] AO 


glR [T 




H] T/B 


PL [I 




]7] BCS 


C5B [T 




31] HIE 


FS Go 




H] TLC 


CRS QT 




Tg DEW 


vcc QI 




31] LOSE 




TOP VIEW 





TYPE 


LINES 


ROWS 


LINES/ROW 


SAA5020 
SAA5025A 
SAA5025B 
SAA5025C 


625 
525 
525 
525 


24 
20 
24 
24 


10 
10 
10 
8 



The VTIC operates from a single 5-volt 
power supply and is packaged in a 24-pin 
dual-in-line package. 
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PIN DESIGNATION 




MNEMONIC 


PIN 


TYPE 


FUNCTION 


F6 


2 


1 


6MHz Input. Master clock signal used to derive the basic timing for the display. 


TR6 


3 





6MHz output. Buffered 6MHz dot rate clock output to the SAA5050 character generator. 


F1 


4 





1MHz output. Character clock rate output signal, synchronous with TR6, to the character generator 
and other external circuits. 


AHS 


5 





After hours sync. Active low composite sync output to the display. 


FLR 


6 


1 


Fast line reset. Input used to reset the internal line rate counter. 


GLR 


7 





General line reset. Line frequency active low signal used for reset and clock functions in the charac- 
ter generator and other external circuits. 


pT 


8 





Phase lock. Line frequency active low output to the teletext video processor used to phase lock the 
6MHz display clock to the incoming television video signal. 


CBB 


9 





Color burst blanking. Active low output to the teletext video processor. 


FS 


10 


1 


Field sync. Input signal used to reset the field rate counter to maintain correct field sync with incom- 
ing video. 


CRS 


11 





Character rounding select. Output used by the character generator for character rounding. 


LOSE 


13 





Load output shift register enable. Output signal to the SAA5050 character generator used to reset in- 
ternal control flip-flops prior to the start of each line and to define the character display period. 


DEW 


14 





Data entry window. Output required by the teletext acquisition circuit and character generator which 
defines the period during which data may be extracted from the incoming TV signal and written into 
page memory. 


TLC 


15 


1 


Transmitted large character. Input from the character generator used to enable the correct display of 
large characters under attribute control. 


HIE 


16 


1 


High impedance enable. A high input switches the A0-A4 and RACK outputs to their high impedance 
state. 


BCS 


17 


1 


Big character select. When low causes all characters to be displayed at double height. Used in con- 
junction with T/B input. 


T/B 


18 


1 


Top or bottom select. When BCS is low this input controls the row address outputs to cause the top 
half to be displayed when low and the bottom half to be displayed when high. 


A0-A4 


19-23 





Display memory row address. Provides a binary count sequence during the display period which is in- 
cremented every 10 (8 for SAA5025C) lines in normal character mode and every 20 (16 for SAA5025C) 
lines in large character mode. If any row contains attributed large characters the address is incre- 
mented by two after 20 (16) lines. 


RACK 


24 





Column address clock. 1MHz clock used to clock the RAM column address counter. It occurs only 
during the active display period of each scan line. 


Vcc 


12 


1 


+ 5 volts power input. 


Vss 


1 


1 


Signal and power ground. 
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SAA5020 BLOCK DIAGRAM 
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VIDEOTEXT CHARACTER GENERATOR (VCG) 



SAA5050 SERIES 



PRODUCT BRIEF, contact your Signetlcs sales offices for complete information. 



DESCRIPTION 

The Signetics SAA5050 Series Videotext 
Character Generators (VCG) are MOS 
N-channel integrated circuits which per- 
form the attribute decoding and character 
generation functions necessary for the 
display of viewdata and teletext informa- 
tion on a color or black and white CRT 
monitor. They are compatible with the 
British viedotext standards, currently im- 
plemented in systems such as Prestel, 
Ceefax, and Oracle. 

The VCG incorporates a character gener- 
ator read only memory (ROM), decoding 
for the 32 videotext control and attribute 
characters, video shift registers, and 
decoding for some of the remote control 
functions generated by compatible re- 
mote control circuits. The circuit gener- 
ates 96 alphanumeric and 64 graphic 
characters. 

The basic input to the VCG is character 
data from the display page memory. Each 
character code defines a dot matrix pat- 
tern. Each character block is six dots wide 
and ten TV lines high, with dot rate of 
6MHz and character period of one micro- 
second. Alphanumeric characters are gen- 
erated on a 5 X 9 matrix, allowing space for 
lower case descenders, with one dot be- 
tween characters and one TV line between 
character rows. The alphanumeric char- 
acters are rounded. I.e. a half dot is in- 
serted before or after a whole dot during 
the interlace frame of the TV picture In the 
presence of a diagonal in the character 
matrix. 

Each of the 64 graphic characters is de- 
coded to form a 2 X 3 block arrangement 
which occupies the complete 6x10 
matrix. Graphic characters may be either 
contiguous or separated. 

The character video signals comprise a 
monochrome signal and RGB signals for a 
color monitor. The monochrome data sig- 
nal can be used to inlay characters into TV 
video. A blanking output is provided to 
blank out the TV picture signal for in- 
serted box applications. 



PIN CONFIGURATION 



The SAA5050 series devices are func- 
tionally identical except for the character 
font stored in the character generator 
ROM. The part types currently available 
are: 



TYPE 


CHARACTER SET 


SAA5050 
SAA5051 
SAA5052 
SAA5055 


English 
German 
Swedish 
American 



The VCG operates from a single 5-volt 
power supply and is packaged in a 28-pin 
dual-in-line package. 



FEATURES 

• Compatible with British videotext 
standards 

• 40 characters per row, 10 or 20 scan 
lines per row 

• 96 alphanumeric characters with 
rounding 

• 64 graphic characters, contiguous or 
separated 

• Double height and blinking character 
capability 

• Decoding of control and attribute 
characters 

• Decoding of remote control commands 

• RGB and monochrome outputs 

• Overlay and inserted box capability 

• Single 5-volt power supply 









VssIT 




28] DE 


gupfi; 




^ PO 


DATA \T 




H LOSE 


D1 |T 




25] BLANK 


D2 |T 




m] R 


D3 \T 




m G 


D4 [T 




Ub 


D5 [T 




21]Y 


D6[I 




20] F1 


D7 [10 




m TR6 


DLIM QT 




l] Vcc 


GLR [12 




17] NC 


DEWGl 




ll TLC 


cRs [n 




l] BCS 




TOP VIEW 





Signetics 



2-71 



MICROPROCESSOR DIVISION 



JANUARY 1982 



VIDEOTEXT CHARACTER GENERATOR (VCG) 



SAA5050 SERIES 



PIN DESIGNATION 



MNEMONIC 


PIN 


TYPE 


FUNCTION 


SUP 


2 


I/O 


Superimpose. As an open drain output, it is low when the superimpose mode is selected to allow 
contrast reduction of the TV picture if required. As an input, if held low, the internal TV mode' flip- 
flop is held in the 'text' state. This is for VDU applications when remote control is not used. 


DATA 


3 


1 


Remote control data. This input accepts a 7-bit serial data stream from the remote control decoder. 


D1-D7 


4-10 


1 


Character code. 7-bit parallel code from the page memory which specifies alphanumeric, graphic, or 
control characters. 


DLIM 


11 


' 


Remote control clock. Clock used to sample the input at the DATA pin. The positive edge of every 
second clocl< pulse is at the nominal center of the data bit. 


GLR 


12 


' 


General line reset. Active low input from the SAA5020/SAA5025 VTIC used for internal synchroniza- 
tion of remote control data signals. 


DEW 


13 


' 


Data entry window. Input from the SAA5020/SAA5025 VTIC used to reset the ROM row address 
counter prior to the display period. Also used to derive the character blink period. 


CRS 


14 


1 


Character rounding select. Input from the SAA5020/SAA5025 VTIC used to effect rounding of charac- 
ters. 


BCS 


15 


1 


Big character select. When low causes all characters to be displayed at double height. 


TLC 


16 





Transmitted large character. Output to the VTIC used to enable the correct display of large charac- 
ters under attribute control. 


TR6 


19 


1 


Dot rate clock. 6MHz clock from the VTIC. 


F1 


20 


' 


Character rate clock. 1 MHz clock from the VTIC used to latch the incoming character data and to syn- 
chronize internal circuits. 


Y 


21 





Monochrome output. Open drain serial video output which is in the high state whenever an alpha- 
numeric or graphic character is required on the display. 


B,G,R 


22-24 





Blue, green, and red outputs. Open drain serial video outputs to the monitor drive circuits. They are 
high whenever the corresponding color gun is to be active. The video is a composite of background 
and foreground (character) information. 


BLANK 


25 





Blanking. Open drain output which provides TV picture blanking. It is active for a duration of a box 
when the PO and DE inputs are on. It is also activated permanently when no TV picture is required 
(PO low). 


LOSE 


26 


1 


Load output shift register enable. Input signal from the VTIC used to reset internal control flip-flops 
prior to the start of each line and to define the character display period. 


PO 


27 


1 


Picture on. Input used to control the character video and blanking outputs. When high, only text in 
boxes is displayed unless in superimpose mode. The input is high for TV picture video on, low for pic- 
ture off. 


DE 


28 


1 


Display enable, input used to control the videotext display. High for display on, low for display off. 


Vcc 


18 


1 


+ 5 volts power input. 


Vss 


1 


1 


Signal and power ground. 
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SAA5050 BLOCK DIAGRAM 
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SAA50S0 CHARACTER SE1 
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DESCRIPTION 

The Signetics SAA5070 Viewdata Input/ 
Output Peripheral (VIOP) Is a complex 
microprocessor peripheral integrated cir- 
cuit intended for use in wired communica- 
tions systems, notably viewdata systems 
such as Prestel in the UK and Antiope in 
France. It is implemented in N-channel 
MOS technology and packaged in a 40-pin 
dual-in-line package. 

The VIOP provides several peripheral func- 
tions required in viewdata terminals. It 
contains an autodlallng circuit, a 1200 
baud demodulator and asynchronous re- 
ceiver, and a 75 baud modulator and asyn- 
chronous transmitter. The 75 baud modu- 
lator and asynchronous transmitter can be 
programmed to operate at 1200 baud for 
use on private telecommunications sys- 
tems. 

The input to the VIOP's demodulator is a 
filtered and squared FSK signal from the 
phone line. This signal is internally pro- 
cessed to produce a pseudo-analog out- 
put signal which, after external filtering 
and squaring, serves as the input to the 
line receiver. The modulator generates a 
pseudo-analog output from a serial shift 
register which is loaded with patterns 
from an internal ROM. Each sine wave 
cycle is comprised of a 92-bit pattern 
which provides a suitable FSK signal out- 
put with minimal external filtering. The 
sine wave frequency is determined by the 
selected baud rate and the value of the 
transmitted data. 

The device also includes a tape interface 
circuit suitable for the recording and re- 
trieval of character codes of pages of text 
from an audio cassette recorder. This is 
performed at 1300 baud using a modified 
'Kansas City' standard. 

Other on-chip facilities include 1.5 and 60 
second timers and two general purpose 
quasi-bidirectional input/output ports. 
One port could, for example, be used as an 
interface to a nonvolatile RAM that stores 
telephone numbers for autodialing and 
user passwords, while the second port 
could be used for display control func- 
tions. 

The SAA5070 has been partitioned for flex- 
ibility of use. For example, an external 
modem can be used in conjunction with 
the internal receiver and transmitter, or 
the internal modem can be used indepen- 
dently of the internal receiver and trans- 
mitter. 



FEATURES 

• Multiplexed address/data bus 
compatible witli SC80 and SC84 Series 
microcomputers 

• Modem 

— 1200 baud demodulator 

— 75/1200 baud modulator 

• Line asynchronous receiver and 
transmitter 

• Autodialing circuit 

• Tape recorder 1300 baud modem 
(modified KC standard) 

• Tape recorder asynclironous receiver 
and transmitter 

• Remote control receiver and 
transmitter 

• 1.5 and 60 second timers 

• Two general purpose I/O ports 



PIN CONFIGURATION 
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PIN DESIGNATION 



MNEMONIC 


PIN 


TYPE 


FUNCTIONS 


Vss 


1 


1 


Signal and power ground 


IMP 


2 





Dialing pulse output 


TFSKIN 


3 


1 


FSK input from tape player 


TFSKOUT 


4 





FSK output to tape recorder 


FSKOUT 


5 





Line modulator output 


TXDATA 


6 


I/O 


Line transmitter output or modulator input 


RXDATA 


7 


1 


Line data input 


F1 


8 


1 


1MHz clock input 


DUMB 


9 
10 
11 
12 
13 


I/O 
I/O 
I/O 

1 
1 


Remote control receiver B clock input or transmitter B clock output 

Remote control receiver B data input or transmitter B data output 

Remote control receiver B bus enable input or transmitter B bus enable output 

Remote control receiver A data Input 

Remote control receiver A clock or bus enable input 


DATAB 


DLENB 


DATAA 


DLIMA/DLENA 


IBCLCK 


14 


I/O 


62.5kHz clock input or output 


PA4-PA0 


15-19 


I/O 


General purpose I/O port A 


Vcc 


20 


1 


+ 5-volt power input 


PB3-PB0 


24-21 


I/O 


General purpose I/O port B 


ALE 


25 


1 


Address latch enable input from microprocessor 


D0-D7 


26-33 


I/O 


8-bit bidirectional address/data bus 


RD 


34 


1 


Read strobe 


WR 


35 


1 


Write strobe 


CS 


36 


1 


Chip select 


DOCDI 


37 


I/O 


Line demodulator output or external carrier detect input 


FSKIN 


38 


1 


Filtered and squared line FSK input 


CARDET 


39 


1 


Unfiltered line FSK input 


DON 


40 





Dialing in progress output 
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DESCRIPTION 

The Signetics SC80 Series microcom- 
puters are self-contained, 8-bit processors 
which contain the system timing, control 
logic, RAM data memory, ROM program 
memory (8048/49/50 only), and I/O lines 
necessary to implement dedicated control 
functions. All SC80 Series devices are pin 
and program compatible, differing only in 
the size of the on-board program ROM and 
data RAM, as follows: 



TYPE 


RAM SIZE 


ROM SIZE 


8048 


64x8 


1Kx8 


8049 


128x8 


2Kx8 


8050 


256x8 


4Kx8 


8035 


64x8 


_ 


8039 


128x8 


— 


8040 


256x8 


— 



Program memory can be expanded exter- 
nally up to a maximum total of 4K bytes 
without paging. Data memory can also be 
expanded externally. I/O capabilities can 
be expanded using standard devices or 
the 8243 I/O expander. 

The SC80 Series processors are designed 
to be efficient control processors as well 
as arithmetic processors. They provide an 
instruction set which allows the user to 
directly set and reset individual lines with- 
in its I/O ports as well as test individual 
bits within the accumulator. A large vari- 
ety of branch and table look-up instruc- 
tions make these processors very efficient 
in implementing standard logic functions. 
Also, special attention has been given to 
code efficiency. Over 70% of the instruc- 
tions are a single byte long and all others 
are only 2 bytes long. 

An on-chip 8-bit counter is provided which 
can count, under program control, either 
internal clock pulses (with a divide by 32 
prescaler) or externa! events. The counter 
can be programmed to cause an interrupt 
on terminal count. 



FEATURES 

• 8-bit CPU, ROM, RAM, I/O in a 40-pin 
package 

• 24 quasi bidirectional I/O lines 

• Two test inputs 

• Internal counter/timer 

• Single-level vectored interrupts: exter- 
nal, counter/timer 

• Over 90 instructions, 70% single byte 

• I.SBais or 2.5/xs instruction cycle, all In- 
structions one or two cycles 

• Expandable memory and I/O 

• Low voltage standby 

• TTL compatible inputs and outputs 

• Single + 5V power supply 

FUNCTIONAL DESCRIPTION 

The following is a general functional 
description of the SG80 Series microcom- 
puters. Refer to the block diagram. 

PROGRAM MEMORY 

Resident program memory consists of up 
to 4K bytes of ROM. The program memory 
is divided into pages of 256 bytes each. As 
shown in the memory map, figure 1, pro- 
gram memory is also divided into two 
2048-byte banks, MBO and MB1. 4096 
bytes can be addressed directly. If more 
memory is required, an I/O port can be 
used to address locations over 4095. 

There are three locations in program mem- 
ory of special importance. These locations 
contain the first instruction to be ex- 
ecuted upon the occurrence of one of 
three events. 



PIN CONFIGURATION 



LOCATION 


EVENT 





Activation then deactiva- 
tion of the RESET line. 


3 


Activation of the INT line 
when the external inter- 
rupt is enabled. 


7 


An overflow of the timer/ 
counter if the T/C interrupt 
is enabled. 









TO \T 




m Vcc 


XTALI [T 
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WR Qo 
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m Vdd 
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PIN DESIGNATION 



MNEMONIC 


PIN NO. 


TYPE 


NAME AND FUNCTION 


DB0-DB7 


12-19 


I/O 


Bus. Bidirectional I/O port can be read from or written into using the RD or WR strobes. This port can 
also be statically latched. 

Contains the 8 lower address bits during an access of external memory and receives the addressed 
instruction under control of PSEN. PSEN, ALE, RD, and WR determine whether the access is an in- 
struction fetch or a RAM read/write. 


P10-P17 


27-34 


I/O 


Port 1. 8-bit quasi-bidirectional I/O port.^ 


P20-P27 


21-24, 
35-38 


I/O 


Port 2. 8-bit quasi-bidirectional I/O port."" P20-P23 contain the 4 higher order address bits during an 
access of external program memory and also serve as a 4-bit I/O expander bus for the 8243. 


PROG 


25 


I/O 


Output strobe (active low) for the 8243 I/O expander. 


TO 


1 


I/O 


Input pin sensed using the JTO and JNTO instructions. 

Clock output pin when designated as such by the ENTO CLK instruction. 


T1 


39 


' 


Input pin sensed using the JT1 and JNT1 instructions. Can be designated as the timer/counter input 
by the STRT CNT instruction. 


iNT 


6 
4 


' 


Interrupt Input pin. When low causes interrupt if interrupt is enabled. Can also be used as an input 
which is testable with the JNI instruction. Interrupt is disabled during and after a RESET. 

Reset Input pin is that used to initialize the microcomputer. Active low. Internal pullup ~75kn^. 


RESET 








During program verification the address is latched by a "0" to "1" transition on RESET and the data 
at the addressed location is output on BUS. 


ALE 


11 





Address latch enable. Occurs each clock cycle and is useful for clocking and sampling. 

During external program or data memory access, ALE is used to strobe the address information 

multiplexed on the DB0-DB7 outputs. 


RD 


8 





Read strobe. Active low strobe used to gate data onto BUS lines when reading from an external 
source. 


WR 


10 





Write strobe. Active low strobe used to write data from BUS lines to an external destination. 


EA 


7 


1 


External access Input. When high forces instruction fetches from external memory. Internal pullup 
~10MQ. 


PSEN 


9 





Program store enable. Active low strobe that occurs only during a fetch from external program 
memory. 


SS 


5 


1 


Single step. Active low input which is used with ALE to cause the microcomputer to execute a single 
instruction. Internal pullup ~300kfi. 


XTAL1 


2 


' 


One side of crystal (or L) input for internal oscillator. Can also be used as an input for an external 
timing source^. 


XTAL2 


3 


1 


Other side of crystal. 


Vss 


20 


1 


Circuit ground. 


Vcc 


40 


1 


Power input, -i- 5VDC. 


.Vdd 


26 


1 


RAM power input; low power standby pin. 



NOTES 

1 Each pin on these ports can be assigned, under program control, to be an i nput or 
an output A pin is designated as an input by writing a logic "1" to the pin RESET 
sets all pins to the input mode Each pin has an internal pullup of approximately 
50kn 

2 Non-standard TTL V|h 
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DATA MEMORY 

Resident data memory, as shown in figure 
2, consists of up to 256 bytes of RAM. All 
locations are indirectly addressable by 
either of two RAM pointer registers at 
locations and 1. The first eight locations 
of RAM (0-7) are designated as working 
registers and are directly addressable by 
several instructions. 

By selecting register bank 1, RAM loca- 
tions 24-31 become the working registers, 
replacing those in register bank (0-7). 
RAM locations 8-23 are designated as the 
stack. Two locations (bytes) are used per 
CALL, allowing nesting of up to eight sub- 
routines. 

If additional RAM is required, up to 256 
bytes may be added and addressed direct- 
ly using the MOVX instructions. If more 
RAM is required an I/O port can be used to 
select one (256-byte) bank of external 
memory at a time. 



PROGRAM COUNTER AND 
STACK 

The Program Counter (PC) is a 12-bit 
counter/register that points to the loca- 
tion from which the next instruction is to 
be fetched. The 8048 and 8049 will auto- 
matically address exernal memory when 
the boundary of their internal memory is 
exceeded. All processors access external 
memory if EA is high. 

An interrupt or CALL to a subroutine 
causes the contents of the program 
counter to be stored in one of the 8 regis- 
ter pairs of the program counter stack. The 
pair to be used is determined by a 3-bit 
stack pointer which Is part of the Program 
Status Word (PSW). Data RAM locations 8 
through 23 are available as stack registers 
and are used to store the program counter 
and 4 bits of PSW. The stack pointer, when 
initialized to 000, points to RAM locations 
8 and 9. The first subroutine jump or inter- 



rupt results in the program counter con- 
tents being transferred to locations 8 and 
9 of the RAM array. The stack pointer is 
then incremented by one to point to loca- 
tions 10 and 11 in anticipation of another 
CALL. Nesting of subroutines within sub- 
routines can continue up to eight times 
without overflowing the stack. If overflow 
does occur the deepest address stored 
(location 8 and 9) will be overwritten and 
lost since the stack pointer overflows 
from 111 to 000. It also underflows from 
000 to 111. 

The end of a subroutine, which is sig- 
nalled by a return instruction (RET or 
RETR), causes the stack pointer to be 
decremented and the contents of the re- 
sulting register pair to be transferred to 
the program counter. 



PROGRAM MEMORY MAP 
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DESCRIPTION 

The Signetics SC84 Series microcom- 
puters are self-contained 8-bit processors 
which contain the system timing, control 
logic, RAM data memory, ROM program 
memory, and serial and parallel I/O lines 
necessary to implement dedicated control 
functions. All SC84 Series devices are pin 
and program compatible, differing only in 
the size of the on-board program ROM and 
data RAM, as follows: 



TYPE 


RAM SIZE 


ROM SIZE 


8400 


128x8 


_ 


8405 


32x8 


512x8 


8410 


64x8 


1Kx8 


8420 


64x8 


1Kx8 


8440 


128x8 


4Kx8 



The 8400 is a ROM-less piggyback version 
which can be used with standard ERROMs 
for emulating any of the other devices of 
the family. 

The SC84 Series processors are designed 
to be efficient control processors as well 
as arithmetic processors. They provide an 
instruction set which allows the user to 
directly set and reset individual lines with- 
in its I/O ports as well as test individual 
bits within the accumulator. A large vari- 
ety of branch and table look-up instruc- 
tions make these processors very efficient 
in implementing standard logic functions. 
Also, special attention has been given to 
code efficiency. Over 70% of the instruc- 
tions are a single byte long and all others 
are only 2 bytes long. The instruction set 
is based on that of the SC80 Series. 

A special feature of the SC84 Series is the 
serial I/O interface. This eliminates the 
heavy processing load imposed upon a 
normal microcomputer performing serial 
data transfer, and facilitates the design of 
multi-microcomputer systems using serial 
communications. 

An on-chip 8-bit counter is provided which 
can count, under program control, either 
internal clock pulses (with an optional 
divide by 32 prescaler) or external events. 
The counter can be programmed to cause 
an interrupt on terminal count. 



FEATURES 

• 8-bit CPU, ROM, RAM, I/O in a 28-pin 
package 

• 20 quasi bidirectional I/O lines 

• Two test inputs, one with zero voltage 
crossover detection 

• Serial I/O hardware 

• Internal counter/timer 

• Single-level vectored interrupts: exter- 
nal, counter/timer, serial I/O 

• Over 90 instructions, 70% single byte 

• 6.77/iS instruction cycle, all instructions 
one or two cycles 

• High current drive on four outputs 

• TTL compatible inputs and outputs 

• Single -i- 5V power supply 



PIN CONFIGURATION 









P22 U 




m Vcc 


P23 U 




27] P21 


SCLK U 




H P20 


POO [T 




m P17 


P01 \T 




24] P16 


P02 U 




m P15 


P03 U 




lU P14 


P04 [T 




21] P13 


P05 U 
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P06 OO 




ID P11 


P07 [n 




iD P10 
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it] reset 


T1 QI 




H] XTAL2 


Vss DI 
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TOP VIEW 





PIN DESIGNATION 



MNEMONIC 


PIN 


FUNCTION 


P00-P07 


4-11 


8-blt quasi bidirectional I/O port (Port 0) 


P10-P17 


18-25 


8-bit quasi bidirectional I/O port (Port 1) 


P20-P23 


26,27,1,2 


4-bit quasi bidirectional I/O port (Port 2); P23 is the serial 
data input/output in serial I/O mode 


SCLK 


3 


Bidirectional clock for serial I/O 


INT/TO 


12 


External interrupt input (active low); testable using the JTO, 
JNTO instructions. 


T1 


13 


Input pin testable using the JT1, JNT1 instructions. Can be 
designated the event counter input, using the STRT CNT in- 
struction. Also allows zero crossover sensing of slowly 
moving AC inputs. 


RESET 


17 


Input. Used to initialize the processor (active high). 


XTAL1 


15 


Connection to timing component (usually a crystal) which 
determines the frequency of the internal oscillator. Also the 
input for an external clock source. 


XTAL2 


16 


Connection to other side of timing component. 


Vss 


14 


Ground 


Vcc 


28 


+ 5V power supply 
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Serial I/O 

The 8400 serial I/O interface has been 
designed to eliminate the heavy process- 
ing load imposed upon a normal micro- 
computer performing serial data transfer. 
Whereas a normal microcomputer must 
regularly monitor the serial dat bus for the 
presence of data, the 8400 serial I/O inter- 
face detects, receives and converts the 
serial data stream into parallel format 
without interrupting the execution of the 
current program. An interrupt is sent to 
the microcomputer only when a complete 
byte is received. Then, the microcomputer 
reads the data byte in one instruction. 
Likewise, for transmission, the serial i/0 
interface performs parallel-to-serial con- 
version and subsequent serial output of 
the data and the microcomputer Is only in- 
terrupted in the execution of its program- 
med tasks when a complete byte has been 
transmitted. 

The design of the 8400 serial I/O system 
allows any number of 8400 devices to be 



interconnected by the two-line serial bus. 
The ability of any two devices to communi- 
cate, without Interrupting the operation of 
any other devices on the bus, is an out- 
standing attribute of the system. This is 
achieved by allocating a specific 7-bit ad- 
dress to each device and providing a sys- 
tem whereby a device reacts only to mes- 
sages prefixed with its own address or the 
'general call' address. Address recogni- 
tion is performed by the interface hard- 
ware so that operation of the microcom- 
puter need only be interrupted when a 
valid address has been received. This 
saves significant processing time and 
memory space compared with a conven- 
tional microcomputer employing a soft- 
ware serial Interface. When the address- 
ing facility is not required, for instance in 
a system with only two microcomputers, 
direct data transfer without addressing 
can be performed. 

In multimaster systems, an automatically 



invoked arbitration procedure prevents 
two or more devices from continuing 
simultaneous transmission. 

Serial I/O Interface 

Figure 1 shows the serial I/O interface. 
The clock line of the serial bus has exclu- 
sive use of pin 3 (SCLK), while the data line 
shares pin 2 (serial data) with the I/O line 
P23 of Port 2. When the serial I/O is en- 
abled, P23 is disabled as a parallel port 
line. 

The microcomputer and interface com- 
municate via the internal microcomputer 
bus and the serial interrupt request line. 
Data and Information controlling the 
operation of the interface are stored in 
four registers: 

— Data shift register SO 

— Serial I/O interface status word S1 

— Serial clock control word S2 

— Address register. 
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PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

Advances in semiconductor technology 
have provided the capability to place on a 
single chip a microprocessor at least an 
order of magnitude higher In performance 
and circuit complexity than has been pre- 
viously available. The SC68000 is the first 
of a family of such VLSI microprocessors 
from Signetics. It combines state-of-the- 
art technology and advanced circuit de- 
sign techniques with computer sciences 
to achieve an architecturally advanced 
16-bit microprocessing unit. The SC68000 
offers seventeen 32-bit registers In addi- 
tion to the 32-bit program counter and a 
16-bit status register (see the program- 
ming model In figure 1). The first eight 
registers (D0-D7) are used as data regis- 
ters for byte (8-blt), word (16-blt), and long 
word (32-bit) data operations. The second 
set of seven registers (A0-A6) and the sys- 
tem stack pointer can be used as software 
stack pointers and base address registers. 
In addition, these registers can be used 
for word and long word address opera- 
tions. All 1 7 registers can be used as index 
registers. 



FEATURES 

• 32-bit data and address registers 

• 16-megabyte direct addressing range 

• 56 powerful instruction types 

• Operations on five main data types 

• IVIemory mapped I/O 

• 14 addressing modes 
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A 23-bit address bus provides a memory 
addressing range of greater tlian 16 mega- 
bytes. This large range of addressing 
capability, coupled with a memory man- 
agement unit, allows large, modular pro- 
grams to be developed and operated with- 
out resorting to cumbersome and time 
consuming software bookkeeping and 
paging techniques. 

Five basic data types are supported: 

• Bits 

• BCD digits (4 bits) 

• Bytes (8 bits) 

• Word (16 bits) 

• Long words (32 bits) 

In addition, operations on other data 
types, such as memory addresses, status 
word data, etc., are provided for in the in- 
struction set. The 14 addressing modes 
(see table 1) include six basic types: 

• Register direct 

• Register indirect 

• Absolute 

• Immediate 

• Program counter relative 

• Implied 

Included in the register indirect address- 
ing modes is the capability to do post- 
incrementing, predecrementing, offset- 
ting, and indexing. Program counter rela- 
tive mode can also be modified via index- 
ing and offsetting. 



Table 1. DATA ADDRESSING MODES 



MODE 


GENERATION 


Register Direct Addressing 
Data Register Direct 
Address Register Direct 


EA=Dn 
EA = An 


Absolute Data Addressing 
Absolute Short 
Absolute Long 


EA = (Next Word) 

EA = (Next Two Words) 


Program Counter Relative Addressing 
Relative with Offset 
Relative with Index and Offset 


EA = (PC)-f-di6 

EA = (PC)-i-(Xn)-f-d8 


Register Indirect Addressing 
Register Indirect 
Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 
Indexed Register Indirect with Offset 


EA = (An) 

EA = (An), An-^-An-hN 

An— An-N, EA = (An) 

EA = (An)-Hd,6 

EA = (An)-h(Xn)-hd8 


Immediate Data Addressing 
Immediate 
Quick Immediate 


DATA = Next Word(s) 
Inherent Data 


Implied Addressing 
Implied Register 


EA = SR, USP, SP, PC 



NOTES 

EA = Effective Address 
An = Address Register 
Dn = Data Register 

Xn = Address or Data Register used as Index Register 
SR = status Register 
PC = Program Counter 
( ) = Contents of 
6q = 8-bit Offset (displacement) 
di5= 16-bit Offset (displacement) 
N = 1 for Byte, 2 for Words and 4 for Long Words 
-*-- Replaces 
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The SC68000 instruction set is shown in 
table 2. Some additional instructions are 
variations, or subsets, of these and appear 
in table 3. Special emphasis has been 
given to the instruction set's support of 
structured high-level languages to facili- 
tate ease of programming. Each instruc- 
tion, with a few exceptions, operates on 
bytes, words, and long words, and most In- 
structions can use any of the 14 address- 
ing modes. Combining instruction types, 
data types, and addressing modes, over 
1000 useful instructions are provided. 
These instructions include signed and un- 
signed multiply and divide, 'quick' arith- 
metic operations, BCD arithmetic and ex- 
panded operations (through traps). 



Table 2. INSTRUCTION SET 



MNEMONIC 


DESCRIPTION 


ABCD 
ADD 
' AND 
ASL 
ASR 


Add Decimal with Extend 
Add 

Logical AND 
Arithmetic Shift Left 
Arithmetic Shift Right 


Boo 

BCHG 

BCLR 

BRA 

BSET 

BSR 

BTST 


Branch Conditionally 
Bit Test and Change 
Bit Test and Clear 
Branch Always 
Bit Test and Set 
Branch to Subroutine 
Bit Test 


CHK 
CLR 
CMP 


Check Register against Bounds 

Clear Operand 

Compare 


DBcc 
DIVS 
DIVU 


Test Condition, Decrement and Branch 
Signed Divide 
Unsigned Divide 


EOR 
EXG 
EXT 


Exclusive OR 
Exchange Registers 
Sign Extend 


JMP 
JSR 


Jump 

Jump to Subroutine 


LEA 
LINK 
LSL 
LSR 


Load Effective Address 
Link Stack 
Logical Shift Left 
Logical Shift Right 


MOVE 

MOVEM 

MOVER 

MULS 

MULU 


Move 

Move Multiple Registers 
Move Peripheral Data 
Signed Multiply 
Unsigned Multiply 


NBCD 
NEG 
NOP 
NOT 


Negate Decimal with Extend 

Negate 

No Operation 

One's Complement 


OR 


Logical OR 


PEA 


Push Effective Address 


RESET 

ROL 

ROR 

ROXL 

ROXR 

RTE 

RTR 

RTS 


Reset External Devices 
Rotate Left without Extend 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception 
Return and Restore 
Return from Subroutine 


SBCD 

Sec 
STOP 
SUB 
SWAP 


Subtract Decimal with Extend 

Set Conditional 

Stop ^ 

Subtract 

Swap Data Register Halves 


TAS 
TRAP 
TRAPV 
TST 


Test and Set Operand 

Trap 

Trap on Overflow 

Test 


UNLK Unlink 
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Table 3. VARIATIONS OF INSTRUCTION TYPES 


INSTRUCTION TYPE 


VARIATION 


DESCRIPTION 


ADD 


ADD 


Add 




ADDA 


Add Address 




ADDQ 


Add Quick 




ADD! 


Add Immediate 




ADDX 


Add with Extend 


AND 


AND 


Logical AND 




ANDI 


AND Immediate 


CMP 


CMP 


Compare 




CMPA 


Compare Address 




CMPM 


Compare Memory 




CMP! 


Compare Immediate 


EOR 


EOR 


Exclusive OR 




EORI 


Exclusive OR Immediate 


MOVE 


MOVE 


Move 




MOVEA 


Move Address 




MOVEQ 


Move Quick 




MOVE from SR 


Move from Status Register 




MOVE to SR 


Move to Status Register 




MOVE to OCR 


Move to Condition Codes 




MOVE USP 


Move User Stack Pointer 


MEG 


NEG 


Negate 




NEGX 


Negate with Extend 


OR 


OR 


Logical OR 




ORI 


OR Immediate 


SUB 


SUB 


Subtract 




SUBA 


Subtract Address 




SUB! 


Subtract Immediate 




SUBQ 


Subtract Quick 




SUBX 


Subtract with Extend 
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DESCRIPTION 

The SC68120 Intelligent Peripheral Con- 
troller (IPC) is a general-purpose, user- 
programmable peripheral controller. It 
contains a system Interface, an 8-bit CPU, 
a serial communications interface, 21 
parallel I/O lines, a 16-bit timer, 2048 bytes 
of ROM, and eight operating modes. In ad- 
dition, the SC68120 features 128 bytes of 
dual-ported RAM and six semaphore 
registers that are accessible to both the 
internal CPU and an external processor or 
device through the system interface. The 
SC68120 provides all the control signals 
necessary to interface with the asyn- 
chronous bus of the SC68000. 



FEATURES 

• Bus compatible with the 16-bit SC68000 
and with 8-bit microprocessors 

• Bus compatible with 8-bit peripherals 

• TTL compatible I/O 

• 8-bit CPU 

• 2K bytes ROM 

• 128 bytes dual-ported RAM 

• Six shared semaphore registers 

• 16-bit timer 

• 21 parallel I/O and two handshal(e lines 

• Serial communications interface 

• interrupt capability 

• Operates in single-chip mode or ex- 
pandable to 64K-byte addressing range 

• DMA capability 

• 8 X 8-bit multiply 



PIN CONFIGURATION 
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BLOCK DIAGRAM 
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SUMMARY OF OPERATING 
MODES 

Common to all modes: 

System bus Interface 

Reserved register area 

Six semaphore registers 

I/O port 2 

16-bit programmable timer 

Serial communications interface 

128 bytes of dual-ported RAM 

Single chip mode — Mode 7 
2048 bytes of ROM (internal) 
Port 3 Is a parallel I/O port with two 

control lines 
Port 4 is a parallel I/O port 
SCI is input strobe 3 (IS3) 
SC2 is output strobe 3 (0S3) 



Expanded non-multiplexed mode — 

Modes 
2048 bytes of ROM (internal) 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an address bus 
SCI is input/output select (lOS) 
SC2 Is read/write (R/W) 

Expanded multiplexed modes — Modes 1, 

2,3,6 
Four memory space options (64K ad- 
dress space); 

(1) MDOS compatible 

(2) No ROM 

(3) External vector space 

(4) ROM with partial address bus 



Signetics 



External memory space accessed 
through: 

Port 3 as a multiplexed address/data 
bus 

Port 4 as an address bus (high) 
SCI is address strobe (AS) input 
SC2 is read/write (R/W) 

Test modes — Modes 0, 4 
Expanded multiplexed test mode — may 

be used to test RAM and ROM 
Single chip and non-multiplexed test 
mode — may be used to test ports 3 
and 4 as I/O ports 
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PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

The SC68230 Parallel Interface/Timer (Pl/T) 
is a general-purpose, programmable paral- 
lel interface device which meets most 
system parallel I/O and timing needs. The 
parallel interfaces of the Pl/T may be used 
to connect a wide variety of peripheral 
devices to the SC68000 bus. The Pl/T can 
be programmed to generate interrupt re- 
quests to the SC68000, or DMA requests 
to the SC68450 Direct Memory Access 
Controller, on demand of the peripheral. 
No external logic is needed to connect the 
Pl/T to the DMAC or to the SC68000. The 
Pl/T also provides complete port and timer 
status information. 

The SC68230 contains two multi-mode, 
double-buffered I/O ports (Port A and Port 
B), a third 8-bit I/O port, and a 24-bit pro- 
grammable timer. The Pl/T also contains 
flexible prioritization logic for generating 
unique interrupt vectors. Autovectored in- 
terrupts are also supported. Port C pins 
provide either another port pin or special 
functions consisting of interrupt, timer, or 
direct memory access control lines. 



FEATURES 



FUNCTIONAL DIAGRAM 
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PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

The SC68450 Direct Memory Access Con- 
troller (DMAC) offers the system designer 
unparalleled performance where both 
speed and flexibility in data transfer are 
required. Sophisticated chaining tech- 
niques, memory-to-memory block trans- 
fers, and variable bus bandwidth utiliza- 
tion result in optimum data transfers. In- 
ternal 32-bit address registers provide 
upward software compatibility with future 
SC68000 family processors 



FEATURES 

• Compatible with both SC68000 family 
and 8-bit peripherals 

• Four fully-independent channels 

• Single or dual address transfers 

• Byte, word, or long word transfers 

• Memory-to-memory block transfers 

• Supports both chained and unchained 
operations 

• Transfer rates up to 4 megabytes per 
second 

• Supports vectored interrupts 

• Supports array or linked array chaining 

• 16-bit data bus 

• Programmable priorities 



FUNCTIONAL DIAGRAM 
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PRODUCT BRIEF, contact your Signetics sales offices for complete Information. 



DESCRIPTION 

The SC68451 Memory Management Unit 
(MMU) provides address translation and 
protection of the 16-megabyte addressing 
space of the SC68000. The MMU can be 
accessed by any potential bus master, 
such as instruction set processors, or 
DMA controllers. Each bus master (or pro- 
cessor) in the SC68000 family provides a 
function code and an address during each 
bus cycle. The function code specifies an 
address space while the address specifies 
a location within that address space. The 
function codes are provided by the 
SC68000 to distinguish between program 
and data spaces as well as supervisor and 
user spaces. This separation of address 
spaces provides the basis of protection in 
an operating system. By simplifying the 
programming model of the address space, 
the MMU also increases the reliability of a 
complex multiprocess system. 



FEATURES 

• Separates address spaces of system 
and user resources 

• Provides write protection 

• Increases system reliability 

• Provides efficient memory allocation 

• Allows interprocess communication 
through shared resources 

• Simplifies programming model of ad- 
dress space 

• Minimizes operating system overhead 
with quick context switches 

• 32 segments with variable segment 
sizes 

• Multiple MMU system capability 

• Supports both paging and segmentation 

• DMA compatible 

• Provides virtual memory support 

• SC68000 bus compatible 



FUNCTIONAL DIAGRAM 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) 



SC68681 



PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

The Signetics SC68681 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single chip MOS-LSI com- 
munications device that provides two In- 
dependent, full-duplex, asynchronous 
receiver/transmitter channels in a 40-pin 
package. It interfaces directly with the 
SC68000 16-bit CPU and other micropro- 
cessors and may be used in a polled or 
interrupt driven system. 

The operating mode and data format of 
each channel can be programmed inde- 
pendently. Additionally, each receiver and 
transmitter can select its operating speed 
as one of 18 fixed baud rates, a 16x clock 
derived from a programmable counter/ 
timer, or an external 1 X orlBx clock. The 
baud rate generator and counter/timer can 
operate directly from a crystal or from ex- 
ternal clock inputs. The ability to Inde- 
pendently program the operating speed of 
the receiver and transmitter make the 
DUART particularly attractive for dual- 
speed channel applications such as clus- 
tered terminal systems. 

Each receiver is quadruply buffered to 
minimize the potential of receiver overrun 
or to reduce interrupt overhead in inter- 
rupt driven systems. In addition, a hand- 
shaking capability is provided to disable a 
remote DUART transmitter when the buf- 
fer of the receiving device is full. 

Also provided on the SC68681 are a multi- 
purpose 6-bit input port and a multipur- 
pose 8-bit output port. These can be used 
as general-purpose I/O ports or, can be 
assigned specific functions (such as clock 
inputs or status/interrupt outputs) under 
program control. 

The SC68681 is similar to the Signetics 
SC2681, differing primarily in that the 
SC68681 bus interface is compatible with 
the SC68000 16-bit microprocessor. Refer 
to the SC2681 data sheet for operational 
details. 



FEATURES 

• SC68000 compatible bus interface 

• Dual, full-duplex, asynchronous 
receiver/transmitter 

• Quadruple buffered receiver data 
registers 

• Programmable data format 

— 5 to 8 data bits plus parity 

~ Odd, even, no parity or force parity 

— 1, 1.5 or 2 stop bits programmable in 
1/16-bit increments 

• Programmable baud rate for each re- 
ceiver and transmitter selectable from 

— 18 fixed rates: 50 to 38.4K baud 

— One user-defined rate derived from 
programmable timer/counter 

— External IX or 16X clock 

• Parity, framing, and overrun error detec- 
tion 

• False start bit detection 

• Line brake detection and generation 

• Programmable channel mode 

— Normal (full duplex) 

— Automatic echo 

— Local loopback 

— Remote loopback 

• Multi-function programmable 16-bit 
counter/timer 

• Multi-function 6-bit input port 

— Can serve as clock or control inputs 

— Change of state detection on four in- 
puts 

• Multi-function 8-bit output port 

— Individual bit set/reset capability 

— Outputs can be programmed to be 
status/interrupt signals 

• Versatile interrupt system 

-^ Single interrupt output with eight 
maskable interrupting conditions 

— Interrupt vector output on interrupt 
acknowledge 

— Output port can be configured to pro- 
vide a total of up to six separate wire- 
OR'able interrupt outputs 

• Maximum data transfer: IX— IMB/sec, 
16X - 125KB/sec 

• Automatic wake-up mode for multidrop 
applications 

• Start-end break interrupt/status 

• Detects break which originates in the 
middle of a character 

• On-chip crystal oscillator 

• TTL compatible 

• Single + 5V power supply 



PIN CONFIGURATION 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) 



SC68681 



BLOCK DIAGRAM 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) 



SC68681 



BLOCK DIAGRAM 

The SC68681 DUART consists of the fol- 
lowing eight major sections: data bus buf- 
fer, operation control, Interrupt control, 
timing, communications channels A and 
B, Input port and output port. Refer to the 
block diagram. 

Data Bus Buffer 

The data bus buffer provides the interface 
between the external and internal data 
busses. It is controlled by the operation 
control block to allow read and write 
operations to take place between the con- 
trolling CPU and the DUART. 

Operation Control 

The operation control logic receives 
operation commands from the CPU and 
generates appropriate signals to Internal 
sections to control device operation. It 
contains address decoding and read and 
write circuits to permit communications 
with the microprocessor via the data bus 
buffer. 

Interrupt Control 

A single active-low interrupt output 
(INTRN) is provided which is activated 
upon the occurrence of any of eight inter- 
nal events. Upon receiving an interrupt 
acknowledge from the CPU, the SC68681 
responds by placing a programmable 8-bit 
Interrupt vector on the data bus. 

Associated with the Interrupt system are 
the interrupt mask register (IMR) and the 
Interrupt status register (ISR). The IIVIR 
may be programmed to select only certain 
conditions to cause INTRN to be asserted. 
The ISR can be read by the CPU to deter- 
mine all currently active Interrupting con- 
ditions. 

Outputs OP3-OP7 can be programmed to 
provide discrete interrupt outputs for the 
transmitters, receivers, and counter/timer. 

Timing Circuits 

The timing block consists of a crystal 
oscillator, a baud rate generator, a pro- 
grammable 16-bit counter/timer, and four 



clock selectors. The crystal oscillator op- 
erates directly from a 3.6864MHz crystal 
connected across the X1/CLK and X2 in- 
puts. If an external clock of the appropri- 
ate frequency is available. It may be con- 
nected to X1/CLK. The clock serves as the 
basic timing reference for the baud rate 
generator (BRG), the timer/counter, and 
other internal circuits. A clock signal must 
always be supplied to the DUART. 

The baud rate generator operates from the 
oscillator or external clock input and is 
capable of generating 18 commonly used 
data communications baud rates ranging 
from 50 to 38.4K baud. The clock outputs 
from the BRG are at 16X, the actual baud 
rate. The counter/timer can be used as a 
timer to produce a 16X clock for any other 
baud rate by counting down the crystal 
clock or an external clock. The four clock 
selectors allow the independent selection, 
for each receiver and transmitter, of any of 
these baud rates or an external timing 
signal. 

The counter/timer (C/T) can be program- 
med to use one of several timing sources 
as its Input. The output of the C/T is avail- 
able to the clock selectors and can also be 
programmed to be output at OPS. In the 
counter mode, the contents of the C/T can 
be read by the CPU and it can be stopped 
and started under program control. In the 
timer mode, the C/T acts as a program- 
mable divider. 

Communications Channels 
A and B 

Each communications channel of the 
SC68681 comprises a full-duplex, asyn- 
chronous receiver/transmitter (UART). The 
operating frequency for each receiver and 
transmitter can be selected independently 
from the baud rate generator, the counter 
timer, or from an external input. 

The transmitter accepts parallel data from 
the CPU, converts It to a serial bit stream, 
inserts the appropriate start, stop, and op- 
tional parity bits and outputs a composite 
serial stream of data on the TxD output 



pin. The receiver accepts serial data on 
the RxD pin, converts this serial Input to 
parallel format, checks for start bit, stop 
bit, parity bit (if any), or break condition 
and sends an assembled character to the 
CPU. 



Input Port 

The inputs to this unlatched port can be 
read by the CPU by performing a read op- 
eration at address D^q. A high Input 
results in a logic 1 while a low input re- 
sults in a logic 0. The pins of this port can 
also serve as auxiliary inputs to certain 
portions of the DUART logic. 

Four change-of-state detectors are pro- 
vided which are associated with inputs 
IPS, IP2, IP1, and IPO. A high-to-low or low- 
to-high transition of these Inputs lasting 
longer than 25-50)itS will set the cor- 
responding bit In the Input port change 
register. The bits are cleared when the reg- 
ister is read by the CPU. Any change of 
state can also be programmed to generate 
an interrupt to the CPU. 



Output Port 

The 8-bit multi-purpose output port can be 
used as a general-purpose output port, in 
which case the outputs are the comple- 
ments of the output port register (OPR). 
0PR[n]=1 results in OPn = low and vice- 
versa. Bits of the OPR can be individually 
set and reset. A bit Is set by performing a 
write operation at address E^g with the ac- 
companying data specifying the bits to be 
set (1 = set, 0= no change). Likewise, a bit 
is reset by a write at address F^© with the 
accompanying data specifying the bits to 
be reset (1 = reset, = no change). 

Outputs can also be individually assigned 
specific functions by appropriate pro- 
gramming of the channel A mode registers 
(MR1A, MR2A), the channel B mode regis- 
ters (MR1B, MR2B), and the output port 
configuration register (OPCR). 
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UNIVERSAL SYNC GENERATORS (USG) 



SC2621(PAL). SC2622(NTSC) 



PRODUCT BRIEF, contact your Signetics sales offices for complete information. 

DESCRIPTION 

The Signetics 2621 Universal Sync Gener- 
ator (USG) provides the timing and control 
signals necessary for generating and dis- 
playing TV video information in the PAL for- 
mat. 



The USG accepts a single 3.55MHz input 
clock and generates various timing outputs 
including vertical, horizontal and composite 
blanking, composite sync and color burst 
flag. Several auxiliary clock outputs are also 
provided. 

The USG is primarily intended for use in 
microprocessor-controlled video games. A 
typical game configuration consists of a 
2621 USG, a 2650A microprocessor, a 2636 
Programmable Video Interface, a 2616 16K 
ROM, and digital video summer circuitry. 

The 2621 is constructed using Signetics sili- 
con gate N-channel depletion load techno- 
logy and operates from a single -1-5 volt pow- 
er supply. 



The Signetics 2622 Universal Sync Gener- 
ator (USG) provides the timing and control 
signals necessary for generating and dis- 
playing TV video information in the NTSC 
format. 

The USG accepts a single 3.5795MHz input 
clock and generates various timing outputs 
including vertical, horizontal, and composite 
blanking, composite sync and color burst 
flag. Several auxiliary clock outputs are also 
provided. The USG Is primarily intended for 
use In microprocessor-controlled video 
games. A typical game configuration consists 
of a 2622 USG, a 2650A microprocessor, a 
2636 Programmable Video Interface, a 2616 
16K ROM, and video summer circuitry. The 
2622 Is constructed using Signetics silicon 
gate N-channel depletion load technology and 
operates from a single + 5 volt power supply. 



PIN CONFIGURATION 
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PROGRAMMABLE VIDEO INTERFACE (PVI) 



SC2636 



PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

The Signetics 2636 Programmable Video In- 
terface (PVI) is intended for use in 
microprocessor-controlled game systems, 
and provides all of the common game cir- 
cuits on a single chip. Circuits are provided 
for player inputs, background, moving ob- 
jects, scoring, and audio signals. 

A typical system configuration consists of 
five LSI circuits: a PVI. a 2616 16K ROM, an 
NE549 Digital Video Summer (DVS) a Uni- 
versal Sync Generator (USG), and a 2650A 
microprocessor. 

Additional PVIs as well as random logic can 
easily be interfaced to enhance game com- 
plexity. Since the system is microprocessor 
based, the actual game itself need not be 
"hardwired" into the system. Game defini- 
tion is completely contained in the ROM. To 
change games, one simply replaces one 
ROM with another. Each ROM can contain 
several games, depending on game com- 
plexity and similarity between games. 

The 2636 PVI is constructed using 
Signetics' silicon gate N-Channel depletion 
load technology and operates from a single 
-1-5 volt power supply. 



FEATURES 

• Four general-purpose, RAM-resident 
object modules 

• Object duplication permitting 
generation of up to 80 object Images 
on the screen 

• 280ns object resolution 

• Object size and position under 
program control 

• Programmable score 

• Programmable sound 

• Programmable background 

• Eight programmable colors with 
multiple brightness levels 

• 37-byte scratch pad memory 

• Chip Enable outputs for system ROMs 
and PROMs 

• I/O facilities for switch scanning and 
potentiometer inputs 

• Wire-OR expansion capability to 
multiple PVIs 

• Forty-pin dual-in-line pacicage 

APPLICATIONS 

• Consumer programmable video games 

• Arcade games 

• Simulators 

• Special purpose graphic displays 

• Home computer center 



PIN CONFIGURATION 
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UNIVERSAL VIDEO INTERFACE (UVI) 



SC2637 



PRODUCT BRIEF, contact your Signetics sales offices for complete information. 



DESCRIPTION 

The Signetics 2637 Universal Video Inter- 
face (UVI), using a new design approach, 
enables a microprocessor based system to 
be interfaced more efficiently with a color or 
black and white television receiver or moni- 
tor. For the first time, the 2637 UVI com- 
bines an object oriented approach with 
character generation (alphanumencs or oth- 
er displayable forms) plus RAM-mapped 
color graphics. 

The UVI's primary use is in microprocessor 
controlled home computers or game sys- 
tems, however, it may also be used in other 
applications where the display of alphanu- 
meric and graphics data is desired. In par- 
ticular, the UVI has been designed to require 
a minimum of support components thereby 
allowing a system configuration that is opti- 
mized for the user's needs. 

The UVI reads data and operational com- 
mands from a memory and produces video 
signals that result in the generation of alpha- 
numeric or graphics color TV displays. Many 
of the common display circuits have been 
incorporated in a single chip, including: 

• Analog to digital converters which accept 
potentiometer inputs 

• Alphanumeric and special character 
generators 

• Moving object circuits 

• Audio signal generators 

With the 2637, a typical system configura- 
tion consists of a UVI, a 2616/2632 ROM, a 
2622 (NTSC) or 2621 (PAL) Universal Sync 
Generator (USG), a 2650 series micro- 
processor, four 2112 RAMs, and video sum- 
ming circuitry. Additional UVIs, Pro- 
grammable Video Interfaces (PVIs), as well 
as random logic can be interfaced to en- 
hance game or system complexity. 

UVI FUNCTIONAL DESCRIPTION 

The 2637 UVI is a bus oriented device with 
address and data busses controlling the 
flow of data between the user's system and 
the UVI (see block diagram). Both the ad- 
dress and data busses are bidirectional. 

The basic clock frequency and the horizon- 
tal and vertical reset signals to the UV! drive 
vertical and horizontal counters. The two 
counters provide the UV! with a Cartesian 
coordinate representation of the television 
screen, i.e., each counter pair describes a 
unique point on the screen. Typically these 
clock and reset signals are provided by a 
universal sync generator circuit. 



FEATURES 

• Four general purpose, RAM-resident 
objects 

• 280nsec object resolution 

• Object size and position under program 
control 

• Programmable multi-level sound and 
noise generators 

• 16 characters per display row 

• 13 or 26 character rows per screen 

• 40 alphanumeric characters 

• 16 background characters 

• 8 program definable characters 

• 64 graphics characters 

• 8 programmable color codes 

• Chip enable outputs for I/O logic 

• I/O facilities for switch scanning and 
potentiometer (RC) inputs 

• Operates with both U.S. and European 
standards 

• Single +5 volt power supply 

• Forty-pin package 

APPLICATIONS 

• Video games 

• Home computers 

• Communications terminals 

• Educational systems 

• Process control displays 

• Medical electronics 



PIN CONFIGURATION 
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32] A4 


P0T2 [lF 




3?! AS 


P0T1 fTT 




30] A6 


Co [t7 




29] A7 


55 [13 




28] AS 


CI [u 




27]RCE 


C3 [j? 




26] Ci 


SOUND [l6 




25] R/W 


R/W ^ 




24] 5BSCR 


VRST [1? 




23] OS 


HRST [i? 




22] OPREQ 


PCK [20 




mvcc 




TOP VIEW 





Internal Status Block 

The internal status block accumulates sta- 
tus information which can be read by the 
CPU; for example, collisions 

Color Mux System 

The color multiplexer generates the color 
codes for characters, objects, and screen. 

ROM Character Generator 

The ROM character generator stores the 
character fonts. 

RAM 

The 64 bytes of RAM stores eight pro- 
grammable character /object fonts 
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PRODUCT BRIEF, contact your Signetics sales offices for complete Information. 



DESCRIPTION 

The Signetics 2650A series are 8-bit general 
purpose microprocessors constructed using 
Signetics n-channel silicon gate MOS tech- 
nology. The 2650 series executes a fixed in- 
struction set, with each instruction being one 
to three bytes In length. 

The 2650 instruction set consists of many 
powerful instructions which are all easily 
understood and are typical of larger com- 
puters. There are one-, two-, and three-byte In- 
structions as a result of the multiplicity of 
addressing modes. 

Addressing range of these processors is 
32K bytes of memory and 258 I/O devices. 
A single level hardware vectored interrupt 
capability is provided. 



FEATURES 

• Static 8 bit parallel NMOS microproc- 
essor 

• Single power supply of +5 volts 

• TTL level single phase clock 

• ILL compatible inputs and outputs 

• Variable length instructions of 1, 2 or 3 
bytes 

• 32K byte addressing range 

• Coding efficiency with multiple ad- 
dressing modes 

• Synchronous or asynchronous memory 
and I/O interface 

• Interfaces directly with industry stan- 
dard memories 

• Single bit serial I/O path 

• Seven 8 bit addressable general pur- 
pose registers 

• Vectored interrupt 

• Subroutine return address stacit 



PIN CONFIGURATION 









SENSE [T 




40] FLAG 


ADR 12 [T 




39] Vcc 


ADR 11 [T 




^ CLOCK 


ADR 10 [T 




37] PAUSE 


ADR9[r 




36] OPACK 


.0R.[r 




35] RUN/WAFT 


ADR 7 (T 
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ADR4[l? 
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ADR 3 fTT 
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ADRlQJ 
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^WRP 


M/|-5[20 
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TOP VIEW 





MICROPROCESSOR BLOCK DIAGRAM 
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PIN DESIGNATION 



MNEMONIC 


NUMBER 


NAME 


TYPE 


FUNCTION 


ADR0-ADR12 


14-2 


Address lines 





Low order memory address lines for instruction or operand fetch. 
ADRO is the least significant bit and ADR 12 is the most significant 
bit. ADRO through ADR7 are also used as the I/O device address for 
extended I/O instructions. 


ADR13-E/NE 


19 


Address 13- 
Extended/Non extended 





Low order memory page address line during memory reference 
instructions. For I/O instructions this line discriminates between 
extended and non-extended I/O instructions. 


ADR14-D/C 


18 


Address 14- 
Data/ Control 





High order memory page address line during memory reference 
instructions. It also serves as the I/O device address for non-ex- 
tended I/O instructions. 


ADREN 


15 


Address enable 


' 


Active low input allowing 3-state control of the address bus ADRO- 
ADR12. 


DBUS0-DBUS7 


33-26 


Data bus 


I/O 


These lines provide communication between the CPU. Memory, and 
I/O devices for instruction and data transfers. 


DBUSEN 


26 


Data bus enable 


' 


This active low input allows tri-state control of the data bus. 


OPREQ 


24 


Operation request 





Indicates to external devices that all address, data and control 
information is valid. 


OPACK 


36 


Operation acknowledge 


1 


Active low input indicating completion of an external operation. This 
allows asynchronous functioning of external devices. 


M/IO 


20 


Memory / input-output 


o 


Indicates whether the current operation references memory or I/O. 


R/W 


23 


Read/Write 


o 


indicates a read or a write operation. 


WRP 


22 


Write pulse 


o 


This is a timing signal from the 2650 that provides a positive-going 
pulse during each requested write operation (memory or I/O) and a 
high level during read operations. 


SENSE 


1 


Sense 


' 


The sense bit in the PSU reflects the logic state of the sense input to 
the processor at pin #1. 


FLAG 


40 


Flag 





The flag bit in the PSU is tied to a latch that drives the flag output at 
pin #40. 


INTREQ 


17 


Interrupt request 




This active low input line indicates to the processor that an external 
device is requesting service. The processor will recognize this sig- 
nal at the end of the current instruction if the interrupt inhibit status 
bit is zero. 


INTACK 


34 


Interrupt acknowledge 





This line indicates that the 2650 is ready to receive the interrupt 
vector (relative address byte) from the interrupting device. 


PAUSE 


37 


Pause 


1 


This active low input is used to suspend processor operation at the 
end of the current instruction. 


RUN/WAIT 


35 


Run /Wait 





This output is a processor status indicator. During normal operation 
this line is high. If the processor is halted either by executing a halt 
instruction or by a low input on the pause line, the run /wait line will 
go low. 


RESET 


16 


Reset 


1 


Resets the instruction address register to zero. Clears interrupt 
inhibit. 


CLOCK 


38 


Clock 


1 


A positive going pulse train that determines the instruction execution 
time. 


vcc 


39 


-I-5V supply 


1 


+5V power 


QND 


21 


Ground 


1 


Ground 
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FUNCTIONAL DESCRIPTION 

The 2650 series processors are general 
purpose, single chip, fixed instruction set, 
parallel 8-bit binary processors. A general 
purpose processor can perform any data 
manipulations through execution of a stored 
sequence of machine instructions. The proc- 
essor has been designed to closely resem- 
ble conventional binary computers, but ex- 
ecutes variable length instructions of one to 
three bytes in length. 

The 2650 series contains a total of seven 
general purpose registers, each eight bits 
long. They may be used as source or desti- 
nation for arithmetic operations, as index 
registers, and for I/O transfers. 

The processor can address up to 32,768 
bytes of memory in four pages of 8,192 
bytes each. The processor instructions are 
one, two, or three bytes long, depending on 
the instruction. Variable length instructions 
tend to conserve memory space since a 
one-or-two byte instruction may often be 
used rather than a three byte instruction. 
The first byte of each instruction always 
specifies the operation to be performed and 
the addressing mode to be used. Most 
instructions use six of the first eight bits for 
this purpose, with the remaining two bits 
forming the register field. Some instructions 
use the full eight bits as an operation code. 

The data bus and address signals are tri- 
state to provide convenience in system de- 
sign. Memory and I/O interface signals are 
asynchronous so that direct memory access 
(DMA) and multiprocessor operations are 
easy to implement. 

The block diagram for the 2650 series (fig- 
ure 1) shows the major internal components 
and the data paths that interconnect them. 
In order for the processor to execute an in- 
struction, it performs the following general 
steps: 

1 . The instruction address register provides 
an address for memory. 

2. The first byte of an instruction is fetched 
from memory and stored in the instruction 
register. 

3. The instruction register (IR) is decoded 
to determine the type of instruction and 
the addressing mode. 

4. If an operand from memory is required, 
the operand address is resolved and 
loaded into the operand address regis- 
ter. 

5. The operand is fetched from memory and 
the operation is executed. 

6. The first byte of the next instruction is 
fetched. 

The instruction register holds the first byte 
of each instruction and directs the subse- 
quent operations required to execute each 



instruction. The IR contents are decoded 
and used in conjunction with the timing infor- 
mation to control the activation and 
sequencing of all the other elements on the 
chip. The holding register is used in some 
multiple-byte instructions to contain further 
instruction information and partial absolute 
addresses. 

The arithmetic logic unit (ALU) is used to 
perform all of the data manipulation oper- 
ations, including load, store, add, subtract, 
AND, inclusive OR, exclusive OR, compare, 
rotate, increment and decrement. It contains 
and controls the carry bit, the overflow bit, 
the interdigit carry and the condition code 
register. 

The register stack contains six registers 
that are organized into two banks of three 
registers each. The register select bit picks 
one of the two banks to be accessed by 
instructions. In order to accommodate the 
register-to register instructions, register 
zero (RO) is outside the array. Thus, register 
zero is always available along with one set 
of three registers. 

The address adder is used to increment the 
instruction address and to calculate relative 
and indexed addresses. 

The instruction address register holds the 
address of the next instruction byte to be 



Table 1 PROGRAM STATUS WORD 



accessed. The operand address register 
stores operand addresses and sometimes 
contains intermediate results during effec- 
tive address calculations. 

The return address stack (RAS) is a last in, 
first out (LIFO) storage which receives the 
return address whenever a branch-to-sub- 
routine instruction is executed. When a re- 
turn instruction is executed, the RAS pro- 
vides the last return address for the 
processor's lAR. The stack contains eight 
levels of storage so that subroutines may be 
nested up to eight levels deep. The stack 
pointer is a three bit wraparound counter 
that indicates the next available level in the 
stack. It always points to the current ad- 
dress. 

PROGRAM STATUS WORD 

The program status word (PSW) is a major 
feature of the 2650 which greatly increases 
its flexibility and processing power. The 
PSW is a special purpose register within the 
processor that contains status and control 
bits. 

It is divided into two bytes called the pro- 
gram status upper (PSU) and program sta- 
tus lower (PSL). The PSW bits may be test- 
ed, loaded, stored, preset, or cleared using 
the instructions which affect the PSW. The 
bits are utilized as shown in table 1. 



PSU0,1,2 


SP 


PSU3,4 




PSU5 


II 


PSU6 


F 


PSU7 


S 


PSLO 


C 


PSL1 


COM 


PSL2 


OVF 


PSL3 


WC 


PSL4 


RS 


PSL5 


IDC 


PSL6.7 


CC 



Pointer for the return address stack. 

Not used. These bits are always zero. 

Used to inhibit recognition of additional Interrupts. 

Flag is a latch directly driving the flag output. 

Sense equals the state of the sense input. 

Carry stores any carry from the high-order bit of ALU. 

Compare determines if a logical or arithmetic comparison is to be 

made. 

Overflow is set if a two's complement overflow occurs. 

With carry determines if the carry is used in arithmetic and rotate 

instructions. 

Register select identifies which bank of 3 GP registers is being used. 

Inter digit carry stores the bit-3 to bit-4 carry in arithmetic operations. 

Condition code is affected by compare, test and arithmetic instructions. 



PSU 


















PSL 
















7 


6 


5 


4 


3 


2 


1 







7 


6 


5 


4 


3 


2 


1 





s 


F 


11 


~ 


— 


SP2 


SP1 


SPO 


CC1 


ceo 


IDC 


RS 


WC 


OVF 


COM 


C 



S Sense 

F Flag 

11 Interrupt inhibit 

SP2 Stack pointer two 

SP1 Stack pointer one 

SPO Stack pointer zero 



CC1 Condition code one 

ceo Condition code zero 

IDC Interdigit carry 

RS Register bank select 

WC With /without carry 

OVF Overflow 

COM Logical arithmetic compare 

C Carry /borrow 
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INPUT/OUTPUT INTERFACE 

The 2650 series microprocessor has a set 
of versatile I/O instructions and can perform 
I/O operations in a variety of ways. One-and 
two byte I/O instructions are provided, as 
well as a special single-bit I/O facility. The 
I/O modes provided by the 2650 are desig- 
nated as data, control, and extended I/O. 

Data or control I/O instructions, also called 
non-extended I/O instructions, are one byte 
long. Any general purpose register can be 
used as the source or destination. A special 
control line indicates if either a data or con- 
trol instruction is being executed. 

Extended I/O is a two-byte read or write 
instruction. Execution of an extended I/O 
instruction will cause an 8-bit address, tak- 
en from the second byte of the instruction, to 
be placed on the low order eight address 
lines. The data, which can originate or termi- 
nate with any general purpose register, is 
placed on the data bus. This type of I/O can 
be used to simultaneously select a device 
and send data to it. 

Memory reference instructions that address 
data outside of physical memory may also 



be used for I/O operations. When an instruc- 
tion is executed, the address may be de- 
coded by the I/O device rather than mem- 
ory. 

MEMORY INTERFACE 

The memory interface consists of the ad- 
dress bus, the 8-bit data bus and several 
signals that operate in an interlocked or 
handshaking mode. 

The write pulse signal is designed to be 
used as a memory strobe signal for any 
memory type. It has been particularly opti- 
mized to be used as the chip enable or 
read /write signal. 

INTERRUPT HANDLING 
CAPABILITY 

The 2650 series has a single level hardware 
vectored interrupt capability. When an inter- 
rupt occurs, the processor finishes the cur- 
rent instruction and sets the interrupt inhibit 
bit in the PSW. The processor then executes 
a branch to subroutine relative to location 
zero (ZBSR) instruction and sends out inter- 
rupt acknowledge and operation request 
signals. On receipt of the INTACK signal, the 
interrupting device inputs an 8-bit address. 



the interrupt vector, on the data bus. The 
relative and relative indirect addressing 
modes combined with this 8-bit address al- 
low interrupt service routines to begin at any 
addressable memory location. 

INSTRUCTION SET 

The 2650 instruction set consists of many 
powerful instructions which are all easily 
understood and are typical of larger com- 
puters. There are one-, two-, and three-byte 
instructions as a result of the multiplicity of 
addressing modes. 

Automatic incrementing or decrementing of 
an index register is available in the 
arithmetic indexed instructions. All of the 
branch instructions except indexed branch- 
ing can be conditional. 

Register-to-register instructions are one 
byte; register-to-storage instructions are 
two or three bytes long. The two-byte regis- 
ter-to-memory instructions are either imme- 
diate or relative addressing types. 



Signelics 



5-9 



Section 6 

Application 

Notes 



SigneHcs 



MICROPROCESSOR DIVISION 



JANUARY 1982 



INTERFACE TECHNIQUES FOR THE 2651 PCI 



App Note M22 



INTRODUCTION 

The Signetics 2651 Programmable Commu- 
nications Interface (PCI) is a universal syn- 
chronous/asynchronous data communica- 
tions controller chip designed for 
microcomputer systems. The 2651 accepts 
programmed instructions from a micro- 
processor and supports many serial data 
communication disciplines, synchronous 
and asynchronous, in the full or half-duplex 
mode. 

Although designed primarily to interface to 
a 2650 microprocessor, the 2651 can be 
easily integrated into systems employing 
other CPUs. This application note describes 
methods to interface the PCI to 8080A, 
SC/MP, Z80, 8085, and 6800-based micro- 
computer systems 

INTERFACE SIGNALS 

The PCI interface signals can be grouped 
into two types- the CPU-related signals, 
which interface the 2651 to the microproc- 
essor system, and the device-related sig- 
nals, which are used to interface to the 
communications device or system. The 
functions of the CPU-related signals of 
interest in this application note are detailed 
in Table 1 Timing signals for the CPU-PCI 
interface are illustrated in Figure 1, with 
relevant specifications summarized in Table 
2 



READ WRITE TIMING DIAGRAM 
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Figure 1 



PIN NAME 


PIN NO. 


INPUT/OUTPUT 


FUNCTION 


Ai-Ao 

R/W 

CE 

D7-D0 


10,12 
13 
11 

8,7,6,5, 
2,1,28,27 


1 
I/O 


Address lines used to select internal PCI registers 

Read command when low, write command when high. 

Chip enable command When low, indicates that control and data linestothe PCI are 

valid and that the operation specified by the R/W, Ai and Ao inputs should be 

performed. When high, places the D0-D7 lines in the tri-state condition. 

8-bit, three-state data bus used to transfer commands, data and status between PCI 

and the CPU. Do is the least significant bit, D7 the most significant bit 



Table 1 CPU-RELATED INTERFACE SIGNALS 



PARAMETER 


TEST CONDITIONSI 


LIMITS 


UNIT 


Min 


Max 


tcE Chip enable pulse width 




300 




ns 


Setup and hold time 
tAS Address setup 
tAH Address hold 
tcs R/W control setup 
tcH R/W control hold 
tDS Data setup for write 
tDH Data hold for write 




20 
20 
20 
20 

"^0 




ns 


tDD Data delay time for read 

tDF Data bus floating time for read 


CL=100pF 
Cl= lOOpF 




250 
150 


ns 
ns 



Table 2 AC ELECTRICAL CHARACTERISTICS FOR CPU INTERFACE SIGNALS 



NOTES 

1 TA = 0"'Cto +70''C, Vcc=5V ±5% 

2 Parametric values listed are from 2651 data sheet Consult latest data sheet for 
possible changes to specifications 
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2650 INTERFACE 

The 2651 is designed to interface directly to 
the 2650 microprocessor bus The PCI may 
be addressed via the 2650 extended I/O 
instructions or it may be memory mapped, 
in which case it is addressed using the 2650 
memory reference instructions. As shown in 
Figure 2, the 2651 chip enable (CE) input is 
generated by "NANDing" OPREQ with the 
appropriate control signals (depending on 
the addressing mode used) and the higher 
order address lines required to select the 
PCI. 

8080A INTERFACE 

With regard to interfacing to the 2651, the 
major difference between a 2650 CPU and 
an 8080A system consisting of an 8080A 
CPU, 8224 Clock Generator, and 8228/38 
System Controller (Figure 3) is the absence 
of a combined read/write signal suitable for 
the 2651 R/W input. Instead, the 80 80A s ys- 
tem p rovid es sepa rate lOR and lOW (or 
MEMR and MEMW) outputs which specify 
both the direction of data flow and the data 
transfer timing 

The simplest way to accomplish the inter- 
face IS to utiljze an address line from the 
8080 A for th e R/W i nput and to 'O R' the lOR 
and lOW (or MEMR and MEMW) signals for 
ultimate use as the 2651 chip enable signal, 
as illustrated in Figure 4 The only impact on 
system design is that the software must 
specify a different address to read the PCI 
mode or command registers than to write 
the same registers The selection of these 
addresses must result m a '0' at the R/W 
input for read operations and a '1' for write 
operations The resulting register address- 
ing and function are summarized in Table 3 

An analysis of the timing characteristics for 
the recommended configuration shows that 
adequate margins exist to satisfy both the 

2651 and the 8080A specifications at the 
minimum 8080A clock period of 480ns The 
timing waveforms and calculations for the 
read and write cycles are shown in Figures 5 
and 6. 



2650-2651 INTERFACE 
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Inverter required only if 2651 addressing is by extended I/O instructions (Write, Read) 
This input required only if 2651 addressing is by extended I/O instructions and non- 
extended addressing is also used m the system 
These inputs not required if all I/O addressing is memory mapped 

Figure 2 



OPERATION 


A 2 (R/W) 


A1 


Ao 


REGISTER 


READ 











1 
1 




1 



1 


Receive Holding Register 
Status Register 
Mode Registers 1/2 
Command Register 


WRITE 


1 
1 
1 
1 





1 
1 




1 



1 


Transmit Holding Register 
SYN1/SYN2/DLE Registers 
Mode Registers 1/2 
Command Register 



Table 3 PCI REGISTER ADDRESSING FOR 8080A INTERFACE 
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8080A SYSTEM 



SYSTEM DMA REQ 



SYSTEM INT REQ - 



TANK - 

OSC ' 

<*j{TTL) ' 

RDYIN - 
RESIN - 



£3 



8224 

CLOCK 

GENERATOR 

DRIVER 



w 



WAIT 
READY 



STATUS STROBE 



+ 5V - 
GND - 



' ADDRESS BUS 



iA 



8228/8238 
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BUS DRIVER 



— DATA BUS 
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► iNTA 

- MEMR 

► MEMW 

► ITcTr 

► I/olv 



— CONTROL BUS 



Figure 3 



8080A— 2651 INTERFACE 
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Figure 4 
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8080A— 2651 READ TIMING 



^S 



DATA FROM 2651 



DATA FROM 8228 



8080A DATA IN SPEC 



- (SO OR DELAY OF DBIN) MIN 



NOTES 

1 All times in nanoseconds 

2 Delay from (j>2 of T1 to Ao, Ai, R/W 
Delay from 02 of T1 to CE input 

3 Delay from 02 of T3 to Ao, Ai, R/W changing 
Delay from 02 of T3 to CE changing 

4 Delay from 02 of T1 to 8080A data bus valid 
Time from 02 of T1 to 8080A data required 



200ns Max \ tAS, tcs for 2651 
310ns Mm f are satisfied 
480ns Mm \ tAH, tcH for 2651 
200ns Max > are satisfied 
690ns Max \ tosi, toss for 
810ns Max / 8080A are satisfied 



Figure 5 
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8080A-2651 WRITE TIMING 
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All times in nanoseconds. 

Time prior to WR Ap, Ai, R/W valid 

Time after WR CE validly 

Time after WR^Ao. Ai. R/W valid 

Delay from WR to CE 



4. Data available to 2651 prior to CE, therefore tos for 2651 is satisfied 
683ns Mini tAS. tcs for 2651 5. Time after WR data available at 2651 = 125ns Min ) toH for 2651 

5ns Mm f are satisfied Delay from WR to CE = 75ns Max/ is satisfied 

120ns Min \ tAH. tcH tor 2651 
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Figure 6 
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HIGH ORDER 
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FOR CHIP SELECT. 



74 OR 74LS SERIES 



A« 
At 
R/W 



MREQ , RFSH used for memory mapped I/O 
lORQ. Ml used for standard I/O 



Figure 7 



Z80 INTERFACE _ _ 

The Z80 CPU provides separate RD and WR 
signals to indicate read and wr ite ope rations 
respectively. In addition, an MREQ signal 
(for memory operations) or an lORQ signal 
(for I/O operations) are also provided. Al- 
though the RD signal could logically be 
used as the R/W input for the 2651, with 



either MREQ or lORQ used as the CE input, 
as appropriate, the Z80 timing specifica- 
tions are such that the control hold time 
specification (tcH) for the'2^Tc oLndj^^ 
guaranteed. fe=«=.«-««».r-« 

To overcome this problem, a_ technique 
utilizing an address line for the R/W input is 
recommended, as previously discussed for 
the 8080A Interface. 

Interfaces for memory mapped and I/O 
mapped operations are shown in Figure 7. 
The M1 signal inhibits 2651 operation dur- 
ing int errupt acknowledge cycles. Similarly, 
RFSH inhibits operation of the 2651 during 
memory refresh cycles. A detailed timing 
analysis shows that all pertinent 2651 and 
Z80 timing specifications are satisfied with 
the techniques illustrated. 



* 
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SC/MP 11 INTERFACE 

The bus interface signals for the SC/MP II 
are similar to those previously described for 
the 8080A and Z80, except that only memo- 
ry reference operations are available. Again, 
a technique using an address line for the 
2651 R/W input is recommended, as shown 
in Figure 8. All timing requirements for the 
2651 and SC/MP II are easily satisfied. 

6800 INTERFACE 

The 6800 microprocessor provides a R/W 
signal which, when inverted, is suitable for 
use by the 2651 . The remamder of the inter- 
face logic required consists of gating of the 
appropriate bus signals to generate the CE 
signal for the 2651, as shown in Figure 9. 

The only timing parameter which is not 
easily satisfied is the write data hold time 
for the 2651 (Xq^^), which is specified at 0ns 
minimum. The 6800 specifications guaran- 
tee only a minimum of 10ns data hold time 
with respect to the DBE processor input, 
which is normally the </>2 clock. To guaran- 
tee worst-case operation, the DBE signal 
should be skewed with respect to <^2 to 
guarantee the minimum data hold time at 
the 2651. Consult the M6800 System De- 
sign Data Manual for detailed information. 
8085 INTERFACE 
The bus signals of an 8085 microcomputer 
system are similar to those of the 8080A sys- 
tem shown in Figure 3. The major differ- 
ences are the multiplexing of the eight least 
significant bits of address on the data bus 
and the use of an lO/M control line to 
distinguish between memory and I/O refer- 
ences. 

Since a single R/W control line is not avail- 
able, the same addressing technique forthe 
2651 registers as described for the 8080A 
interface is recommended. Thus, the inter- 
face will be similar to the one shown in 
Figure 4 

If I/O addressing is used, A0-A2 in Figure 4 
can be replaced by the non-multiplexed 
higherorderaddress lines A8-A10, since the 
8085 provides the I/O address on both AO- 
A7 and A8-A15 during an INPUT and OUT- 
PUT^ instruction. In addition, the inverted 
lO/M signal must be used as an input to the 
final NAND gate. 

If memory addressing is used for the 2651, 
A0-A2 must be obtained by demultiplexing 
from the address/data bus through an exter- 
nal latch clocked by the ALE timing signal. If 
10 addressing is also used in the system, the 
M/IO signal must be used in the final NAND 
gate. 

The 8085 timing specifications are such that 
all 2651 requirements are easily satisfied. 
Similarly, the 2651 timing satisfies the 8085 
requirements. 



SC/MP 11—2651 INTERFACE 
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The 2651 PCI supports IBM's Binary Syn- 
chronous Communications (BISYNC) proto- 
col, with SYN and DLE character stripping, 
OLE generation, and a transparent mode of 
operation Please refer to the 2651 data 
sheet when reading this application note 

OPERATION IN THE NORMAL 
(NON-TRANSPARENT) MODE 
Initialization 

Initialize the internal PCI mode and com- 
mand registers as follows" 
MR17 = Double SYN (even 

though the same 
SYN character is 
used) 

MR16 = Non-transparent 

mode 



MR15-12 = 



See table 1 



MR11-10 = 00 Synchronous mode, 
IX clock 

MR25 = or External / Internal 

1 TxC 

MR24 = External RxC (sup- 

plied by modem). 

MR23-20 = 0000 Set for desired baud 
thru rate if internal TxC is 
1111 used. 

CR7-6 = 00 Normal or SYN and 

or DLE stripping mode 
01 (depends on soft- 
ware) 

The SYN1 and SYN2 registers should be 
loaded with the appropriate SYN character 
for the code set in use The DLE register 
should be loaded if operation in the trans- 
parent mode IS required 

SYN Character Transmission 
and Reception 

When the PCI transmitter is initially enabled 
(CRO = 1), the TxD output remains high until 
the first character to be transmitted (usually 
a SYN or PAD) is loaded into the THR Sub- 
sequent to this, the PCI will automatically fill 
gaps by transmitting a character pair con- 
sisting of the contents of the SYN1 register 
followed by the contents of the SYN2 regis- 
ter (DLE-SYN1 in transparent mode) 

The receiver enters the hunt mode on a 0-to- 
1 transition of RxEN (CR2). If in the normal 
mode (CR7-6 = 00), receipt of a SYN char- 
acter should be checked by doing a soft- 
ware comparison. If SYN/DLE stripping is 
selected (CR7-6 = 01), then SYN detect 
(SR5) indicates SYN character reception 
since the SYN characters will be stripped 



CODE SET 


FORIVIAT 


MR15 


MR14 


MR13 


IVIR12 


EBCDIC 
ASCII 
SBT1 


8 bits, no parity 
7 bits, odd parity 
6 bits, no parity 


X2 



X 



1 



1 
1 



1 




NOTES 

1 Six-Bit Transcode 

2 X = Don't care 

Table 1 


INITIALIZATION REQUIREMENTS vs CODE SET 


Transmission 
Code 


No 
Transparency 


Transparency 
Operating 


Transparency 
Not Operating 


EBCDIC 
ASCII 
SBT 


CRC-16 
VRC-LRC 
CRC-12 


CRC-16 
CRC-16 
CRC-12 


CRC-16 

VRC-CRC-16 

CRC-12 



Table 2 ERROR CHECKING REQUIREMENTS FOR BSC 



The processor can read SR5 after RxRDY 
goes active to indicate that the first non- 
SYN character is in the RHR 



Error Checking 

The type of error checking depends on the 
information code set used. VRC and LRC are 
used with non-transparent mode ASCII, 
CRC-12 IS used with six-bit transcode, CRC- 
16 IS used with EBCDIC, and VRC and CRC- 
16 are used with ASCII if a transparent mode 
is supported This is summarized in table 2 

The 2651 PCI is capable of performing VRC 
generation, detection and stripping. The 
BCC (LRC or CRC) must be computed using 
software or external hardware (see section 
on BCC Generation /Checking) 

Each block of data transmitted is error- 
checked at the receiver. The receiving sta- 
tion normally replies with ACK or ACK 1 
(data accepted, continue sending) or with 
NAK (data not accepted, i.e , a transmission 
error was detected, retransmit the block). 
There is no error correction. 

The three error-checking methods used in 
conjunction with BISYNC are VRC, LRC and 
CRC. These are defined below. 

VRC (vertical redundancy check) is an odd- 
parity check performed on each data char- 
acter and the LRC character. It is disabled 
during operation in the transparent mode 

LRC (longitudinal redundancy check) is a 
horizontal parity check on all data bits within 
the message block. It is transmitted as a 
single BCC (block check character) immedi- 
ately following an ETB, ETX, or ITB charac- 
ter. The receiver compares the transmitted 



BCC with Its accumulated BCC. An equal 
comparison indicates a good reception of 
the previous block. 

CRC (cyclic redundancy check) is a division 
performed by the transmitting and receiving 
stations using the numeric binary value of 
the message as a dividend The dividend is 
initially zero. The constant divisor is either 
Xl6 + x15 + x2 + x1 (CRC-16), or X12 + 
X11 -f X3 + X2 4- X -I- 1 (CRC-12). The 
quotient is discarded and the remainder is 
retained as the two-byte BCC 

The BCC accumulation (LRC or CRC) is 
reset by the first STX or SOH after line 
turnaround. Thereafter, all characters ex- 
cept SYN and DLE (but not the second DLE- 
DLE in transparent mode) are included in the 
accumulation At the end of an intermediate 
block (ITB-BCC), the accumulation resets 
and starts again with the next received STX 
or SOH or DLE-STX in the transparent mode. 



OPERATION IN THE 
TRANSPARENT MODE 

BSC incorporates a submode called "trans- 
parent mode " This mode allows communi- 
cation of pure data (such as binary files) 
instead of information code characters. Op- 
eration in the transparent mode is initiated 
by transmission (reception) of a DLE-STX 
sequence and terminated by a closing DLE- 
ETX, DLE-ETB, or DLE-ITB sequence. While 
in the transparent mode, the following pro- 
cedures apply: 

• Parity (VRC) is disabled and the character 
length is changed to 8 bits This applies 
only to ASCII code. For EBCDIC code, 
VRC IS never enabled. 
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• DLE-SYN IS used for line fill instead of 
SYN-SYN 

• Any control character transmitted must be 
preceded by a DLE 

• If a data byte identical to a DLE is to be 
transmitted, it must be preceded by an- 
other DLE 

Transparent Mode Bit MR 16 = 1 results in 

Receiver: Enables DLE stripping if CR7-6 = 
01 and a DLE is received. 

Enables DLE detect bit (SR3) if a DLE is 
received 

Enables SYN detect bit (SR5) on receipt of 
DLE-SYN 1 after synchronization has been 
achieved. 

Transmitter: DLE-SYN 1 is used as line fill 
during underrun. 

Initiating the Transparent IMode 

Receiver: Detects DLE-STX sequence in 
software and sets MR 16, if desired 

if ASCII code is used, then parity control 
(MR 14) should be disabled, and the charac- 
ter length (MR13-12) should match the 
transparent data (usually 8 bits). 

If the mode register is changed (as pre- 
scribed) Vz to 1 Vz RxC times after RxRDY 
goes active, the character being assembled 
in the receiver shift register will be of the 
new length and parity setting. Otherwise, 
the new mode characteristics apply to the 
next character to be assembled. 

Transmitter: Sends DLE-STX sequence 
from THR, and then sets transparent mode 
(MR16). If ASCII code is used, then MR14 
will be disabled and MR13-12 should match 
the transparent data character length (usu- 
ally 8 bits) The mode register may be 
changed within n TxC times after TxRDY 
goes active, where n = the character length 
in the non-transparent mode (assuming 
transparent mode character length is great- 
er) This ensures that the character loaded 
into THR will be transmitted with the new 
character length and parity setting 



Use of PCI Transparent 
Mode Features 

• Send DLE (CR3) Command 
To ensure that there is no transmitter 
underrun between a DLE and the control 
character or DLE character to follow, the 



send DLE bit may be used. The sequence of 
operations is as follows: 



1) Set CR3 in response to TxRDY and then 
load THR with the control or DLE charac- 
ter to follow This ensures that a DLE will 
precede the character loaded 



2) Reset CR3 on the next TxRDY, and then 
load THR with the next character to be 
transmitted. 

Alternatively, the DLE character could be 
loaded into THR without using CR3 if there is 
no possibility of underrun. 

• DLE detect (SR3) Status Bit 

The DLE Detect bit is set when parity is 
disabled (MR 14 = 0), the transparent mode 
is selected (MR 16 = 1), and a DLE charac- 
ter has been assembled in the receiver shift 
register. A reset error command (CR4) must 
be issued to clear the DLE detect condition. 
If DLE stripping is not selected (CR7-6 = 
00), then DLE detection could be done by 
software comparison on a character-by- 
character basis 

• SYN /DLE Stripping Mode 

If CR7-6 = 01 in the synchronous mode, then 
SYN and odd DLE characters are stripped 
from the receiver holding register The sec- 
ond DLE of a DLE-DLE pair is not stripped 
This mode is not recommended for transpar- 
ent mode. 



Returning to Normal Operation 

1) Normal operation is resumed after a DLE- 
ETX, DLE-ETB, or DLE-ITB sequence is 
received or transmitted. 

2) MR16, MRU, and MR13-12 must be 
changed if they were altered when enter- 
ing the transparent mode Mode register 
1 should be addressed with TxEN - 
RxEN = 



BCC GENERATION/CHECKING 

The 2653 PGC can be effectively used as a 
parallel CRC/LRC generator/ checker and 
also serve as a programmable single and 
DLE two character sequence detector Fig- 
ure 1 demonstrates the 2651/2653 bus in- 
terface. Consult the 2653 data sheet in or- 
der to properly utilize that device 

For BISYNC non-transparent messages, the 
2651 can be programmed to strip received 
SYN characters which are not usually 
stored in main memory. Stripping mode 
should be terminated upon the PGC's detec- 
tion of a BTC (block terminating character) 
or a DLE-STX SCC (second search charac- 
ter) In the first case, a block check charac- 
ter could match a SYN; in the second case 
the PGC needs to see all received transpar- 
ent data characters in order to calculate the 
CRC/LRC and detect the BTC properly 



2651 OR 2661/2653 INTERFACE 



TxRDY, RxRDY, TxEMT/DSCHG 



iz. 



C 



iiz> 



:> 



I Wv O-t 



:> 
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Figure 1 
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INTRODUCTION 

The Signetlcs 2651 Programmable Commu- 
nications Interface (PCI) is a universal 
synchronous/ asynchronous data communi- 
cations controller chip designed for use with 
microcomputers and minicomputers The 
2651 accepts programmed instructions from 
a CPU and supports many serial data com- 
munications disciplines, both synchronous 
and asynchronous, m full or half-duplex, in- 
cluding IBM's Binary Synchronous Communi- 
cations Protocol (BISYNC) The reader is 
referred to the 2651 Data Sheet for general 
specifications and to applications memo 
M22 for interface techniques with such 
microprocessors as 8080A, SC/MP, Z80, 
8085, and 6800 Techniques for using the 
2651 PCI to support BISYNC are detailed in 
application memo M24. The purpose of this 
applications memo is to assist the designer 
by demonstrating various interface and 
operational procedures which have been 
successful with the 2651 While we have 
tried to cover several possibilities in each 
procedure, the techniques shown should not 



be construed to be constraining and the de- 
signer IS encouraged to develop whatever 
interface techniques best fit his application. 

PROCEDURES FOR TERMINATING 
TRANSMISSION 

FULL DUPLEX (RTS always true) 

1 Load last character into THR in response 
to TxRDY going active low 

2. Disable TxEN (0— CRO) in response to the 
next TxRDY. This will cause TxRDY and Tx^ 
EMT to remain in the high state after the 
last character (in TxSR) is serialized. 

HALF DUPLEX (RTS true when transmit- 
ting; false otherwise) 
Synchronous — use a closing PAD 

1 Load an all 1 's PAD character into THR in 



the PAD character will be transmitted on 
TxD before the RTS pin (23) goes high 



response to TxRDY At this time the pre- 
vious (last) data character is in TxSR be- 
ing serialized 

Disable TxEN as above In this case, the 
last data character has been transmitted 
when TxRDY goes active. 
Drop RTS (0^CR5). One or more bits of 



PCI INTERRUPT REQUESTS IR1 AND IR2 



WHEN TxEMT/DSCHG MUST BE SEPARATED FROM TxRDY 



^ 



Figure 1 



Asynchronous — wait for TxEMT 

1 Load last character into THR in response 
to TxRDY 



2 Mask out the TxRDY interrupt condition 
by externally disabling it This can be 
done through a gate, interrupt controller 
chip, or CPU mask flip-flop. Note that 
TxRDY and TxEMT cannot be tied togeth- 
er (see Figure 1) 

3 Drop RTS in response to the next TxEMT. 
TxEMT going active indicates that the 
last character has been transmitted The 
TxD state will be marked hold one bit 
time after TxEMT goes active 

DISTINGUISHING BETWEEN 
TxEMT AND DSCHG 
CONDITIONS 

The DSCHG condition goes active on a state 
change of either the DCD or DSR pin(s) pro- 
vided either RxEN or TxEN = 1 but not in 
local loopback mode The DCD and DSR 
status bits (SR6, SR7) reflect the pin status 
at the time the status register is read, i e., 
they are not latched. A Status Read will 
clear the DSCHG condition. 

The TxEMT condition goes active during 
transmitter underrun. The condition is imme- 
diately reset when a character is loaded into 
THR It IS reset after the linefill is sent once 
the transmitter is disabled (TxEN = 0) 

Since both of these conditions share a pin 
(18) and a status register bit (SR2), it is 
necessary to determine which or both condi- 
tions are present when the pin /status bit is 
active (Figure 2) 




FLOWCHART TO DISTINGUISH BETWEEN TxEMT & DSCHG 



PROCESS THE 
STATE CHANGE 
AS REQUIRED 




D 



SERVICE 
UNDERRUN 
AS REQUIRED 



[ CONTINUE J 



Figure 2 
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GENERATING CORRECT 
INITIALIZATION STATE 
OFTxD 

After a power-on or RESET all Mode register 
bits will be zero Specifically, MR25 will se- 
lect external TxC The TxD pin requires at 
least one high to low transition on TxC for 
TxD to go high. Without a TxC input, a break 
(all zeros) may be transmitted This 
presents a problem in asynchronous mode 
when using the internal BRG (MR25 = 1) To 
circumvent the problem, the user may take 
one of the following actions: 

a) Generate one high to low transition on 
TxC during a power on or RESET 

b) Input a system clock or the BRCLK into 
TxC through a 1K resistor. 

c) Inclusive OR RTS and TxD to produce 
the Tx serial data to the modem 

d) Use external logic (Figure 3) to insure 
TxD comes up in the "1" state. 

USING THE PCI BEYOND THE 
SPECIFIED SERIAL DATA RATE 

If local loopback is not required, the PCI 
will operate correctly if the RxC high and 
low times are equal to or greater than 500 
ns. A 1 Mbps DC baseband link between 
two PCI's is therefore quite acceptable. 
The only requirement is a synchronizing 
flip flop at the transmitter to compensate 
for the uncertainty in t yxp, the TxD delay 
from the falling edge of TxC. That time can 
be anywhere from 150 ns to 650 ns (Fig. 4). 



LOGIC TO GUARANTEE TxD = 1 ON POWER UP OR RESET 



-> — ^O 



*^ R 




Figure 3 



1Mbps DC BASEBAND LINK 



Tj 



\> 



1MHz 
50/50 
CLOCK 



— K> — ^^ — r>> — 



Figure 4 




ANALYSIS OF PULL UP RESISTOR 
VALUES FOR 2651 PCI WIRE-OR 
OF OPEN DRAIN OUTPUTS 

This discussion is intended to assist the 
user in determining pull up resistor values for 
open drain o utput TxRDY, RxRDY, 
TxEMT/DSCHG shown in Figure 1 (Rx, Ry) 



1. Rx mm wish to maintain acceptable "0" 
V output 

Vcc fTiax ~" Vol ^^^ 



iOL"iax -I- i|L mP 

(5 25 - 45) volts _ 4 8 
(16-1- ODmA 1 61 



kfl 



only one output Sinking (low) =3kfi 
2 Rx max wish to maintain acceptable "1" 
V output 



Rxmax 



Vcc "la^ ~ Vqh "I'n 



3 X iQH - 'IL mP 
all outputs sourcing (high) 



(4 75 - 2 4)V 
(3x01 - ODmA 
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INTRODUCTION 

When transferring data via a data commu- 
nications link using any protocol, the only 
way to ensure a correct transfer is to per- 
form error checking on the messages 
being exchanged. Error checking can be 
accomplished through vertical, longi- 
tudinal and cyclic redundancy checks, 
special character recognition and 
transparent operating modes. If the error 
checking is perf^brmed correctly, the 
result is an accurate transfer of data from 
station to station. The checking technique 
can be performed by software only, but 
this may result in a reduction of the max- 
imum channel speed, may reduce the 
number of channels which can be handled 
by the CPU, or may limit the supplemen- 
tary tasks which can be performed by the 
CPU. The most efficient way to accom- 
plish error checking is to use a combina- 
tion of hardware and software. 

The Signetics 2653 Polynomial Generator 
and Checker (PGC) is designed to provide 
the above error checking capability while 
operating with asynchronous, syn- 
chronous or parallel receivers or transmit- 
ters at a speed of up to 500K characters 



per second. The PGC is a device that 
monitors parallel data transferred be- 
tween a CPU or memory and a serial 
receiver/transmitter (R/T, UART, USRT, 
etc.) or other bus oriented device. Opera- 
tion is two-way alternate (half-duplex) in 
that the PGC is selected to receive 
characters either from the R/T or from the 
CPU. Full duplex operation is achieved by 
using two PGCs. A unique feature of the 
2653 is its 'character class array', a 1 28x2 
RAM which is used to classify received 
characters into one of four types - normal, 
sync/not included, block terminating 
character, and secondary search 
character. The received characters may 
be block checked and/or compared to the 
special characters preloaded into the 
character class array. In addition to the 
block check character (BCC) generation, 
the PGC is capable of single character 
detection, two character sequence detec- 
tion and parity generation and checking. 
All operating modes are software 
programmable and can be changed for 
each application. Figure 1 illustrates the 
block diagram of the PGC, while figure 2 
describes the formats of the registers 
used to program its operation. 1 



The block check character (BCC), which 
the 2653 computes from monitoring the 8- 
blt data bus, takes the form of a cyclic 
redundancy check (CRC) on specified 
characters. The CRC is a reliable method 
of detecting errors in received serial data 
streams and is employed in almost all syn- 
chronous data communications protocols. 
The PGC can compute the BCC in four 
(nodes: BISYNC normal, BISYNC 
transparent, automatic accumulate, and 
single accumulate. In each of these 
modes, one of three error polynomials 
(CRC-16, CRC-12, and LRC-8) can be 
selected. In either of the BISYNC modes, 
the 'intelligence' provided by the 
character comparison capability within 
the chip enables it to know which charac- 
ters to include and which to exclude from 
the BCC accumulation. Additionally, block 
terminating characters can be detected as 
well as the initiation and termination of 
BISYNC transparent mode. As a result, it 
can handle character oriented processing 
for IBM BISYNC, ANSI 3.28, ISO 1746, 
DEC DDCMP, and other disciplines. 



^See the 2653 data sheet for full opera- 
tional description. 
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PGC REGISTER BIT FORMATS 



ACCUMULATION MODES 

00 SINGLE 

01 AUTOMATIC 

10 BISYNC NORMAL 
11BISYNC TRANSPARENT 



ODD/EVEN PARITY - 

OODD 

1 EVEN 



VRC ENABLE - 



MR6 MRS MR4 MRS MR2 MR1 



- BCC POLYNOMIAL 

00 START UP MODE 

01 CRC - 16 
IOCRC- 12 
1 1 LRC - 8 



- RECEIVE/TRANSMIT 



MODE REGISTER 



SECOND SEARCH 

CHARACTER DETECT 
INTERRUPT 
ENABLE = 1 



BTC/SC DETECT - 
INTERRUPT 
ENABLE = 1 



VRC ERROR ■ 
INTERRUPT 
ENABLE = 1 



CR7 CR6 CR5 CR4 CR3 CR2 CR1 



BCC ERROR 
INTERRUPT 
ENABLE = - 



- ONE-TIME COMMANDS 

00 NOP 

01 START ACCUMULATION 

10 CLEAR BCC REGISTER 

1 1 MASTER RESET 



CHARACTER CLASS 

00 NORMAL CLASS 

01 SYN/NI CLASS 

10 BTC/SC CLASS 

1 1 SSC CLASS 



COMMAND REGISTER 



SR7 SR6 SR5 SR4 SR3 SR2 SR 



- BTC/SC DETECT 



■ SSC DETECT 



STATUS REGISTER 



Figure 2 
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A companion chip, the Signetics 2661 
Enhanced Programmable Communica- 
tions Interface (EPCI), directly combines 
with the 2653 to effect a synchronous/ 
asynchronous character oriented commu- 
nications link. If a complete multi-protocol 
interface is desired, it can be obtained 
using the PGC in conjunction with the Sig- 
netics 2652 Multi-Protocol Communica- 
tions Controller (MPCC). 



PROTOCOLS 

Protocols provide the necessary ground 
rules to assure the orderly and accurate 
transfer of data between digital equip- 
ments. Data communications protocols 
are becoming increasingly important as 
the terminal population increases, dis- 
tributed processing becomes widespread, 
and new communications technologies, 
such as packet switching and satellite 
links, become commonplace. 

The protocols associated with the data 
communications have been classified into 
several major levels, or layers, that define 
various functions and operations. Each 
level is designed to be functionally inde- 
pendent of the others, but each depends 
on the correct operation of the previous 
level to operate. The protocols embodied 
in these levels range from those that 
define the physical and electrical links, 
e.g. RS232C and CCITT V.35, to those 
which are responsible for functions such 
as message buffering, code conversion, 
recognizing and reporting faulty condi- 
tions in terminals or lines, communication 
with the host mainframe, and management 
of the communication network. These pro- 
tocols are implemented by software 
packages such as IBM's Systems Network 
Architecture (SNA). CCITT's X.25, and 
DEC'S DECnet. 

In the remainder of this application note, 
we shall concern ourselves with data link 
control protocols (DLC's), which are the 
sets of rules necessary for effective com- 
munications between terminals and com- 
puters over conventional communications 
Channels. DLC's are concerned witn nan- 
dling the communications link itself and 
moving information across it efficiently 
and accurately. 

The basic functions of a DLC are to: 

1. Establish and terminate a connection 
between two stations. 

2. Assure message integrity through error 
detection, requests for retransmission, 
and positive or negative acknowledg- 
ments. 





BISYNC TEXT MESSAGE FORMAT 






SYN 


SYN 


SDH 


Header 


STX 


Text 


ETX 


BCC 

LRC-8, CRC-12, or 
CRC-16, depending 
on character 
code (ASCII, 
transcode, EBCDIC) 






Figure 3 





3. Identify sender and receiver through 
polling or selection. 

4. Handle special control functions such 
as requests for status, station reset, 
reset acknowledge, start, start ac- 
knowledge, and disconnect. 

Data link controls can be classified into 
character oriented protocols (COPs) and 
bit oriented protocols (BOPs). COPs can 
be further subdivided into byte control 
protocols (BCPs) and character count pro- 
tocols (CCPs). 



BYTE CONTROL PROTOCOLS 

In BCPs, a defined set of communication 
control characters effects the orderly 
operation of the data link. IBM BISYNC, 
ANSI 3.28 and ISO 1745 are all byte con- 
trolled. Control characters and two 
character sequences configure and 
manage the data link between sender and 
receiver. Control messages or acknowl- 
edgements consist of one or two charac- 
ters while data messages usually contain 
less than 1,000 characters. For text 
messages, shown in figure 3, an optional 
header may precede each text (informa- 
tion) block. The entire message block is 
error checked based on the information 
code set used (ASCII, EBCDIC, SBT) and 
the operational status of a transparent text 
mode. The transparent text mode is a 



means of identifying pure data characters 
from the characters of the information 
code set. For example, packed BCD, float- 
ing point numbers or memory image data 
would be sent in the transparent mode 
such that the receiver would not interpret 
that data as code set characters. 
Transparent mode is initiated by the se- 
quence DLE-STX and terminated by a DLE 
followed by a block terminating character 
(ETX, ETB, ITB, or ENQ). 

Byte controlled protocols utilize a stop and 
wait automatic repeat request (ARQ) 
which limits operation to two way alternate 
(half duplex). Each transmitted message 
block must be acknowledged before the 
next message may be sent. A negative ac- 
knowledgement is achieved by sending a 
NAK, a positive acknowledgement is sent 
as an ACKO or ACK1 for even and odd 
blocks respectively. The acknowledge- 
ment is sent after one or more Block 
Check Characters (BCCs) have been 
received and checked (one character for 
LRC-8, two characters for CRC-12 or 
CRC-16). Table 1 presents error checking 
requirements for byte controlled pro- 
tocols. 

For control and acknowledgement 
messages the receiving processor must 
detect various single and two character 
sequences. These are defined in tables 2 
and 3. 



Table 1 ERROR CHECKING REQUIREMENTS FOR 
BISYNC/ANSI 3.28 



information 
Code 


No 
Transparency 


Transparency 
Operating 


Transparency 
Not Operating 


EBCDIC 

ASCII 

SBT 


CRC-16 

VRC-LRC 

CRC-12 


CRC-16 
CRC-16 
CRC-12 


CRC-16 

VRC-CRC-16 

CRC-12 
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Table 2 COMMUNICATION CONTROL CHARACTERS FOR BISYNC 



MnGmonic 


Name 


Function 


SOH 
STX 
ETX 
ETB 
EOT 

NAK 

ENQ 

ITB 

DLE 
ACK 
SYN 


Start of heading 

Start of text 

End of text 

End of transmittal blocl< 

End of transmission 

Negative acl^nowledgement 

Enquiry 

Intermediate block 

Data link escape 
Acknowledgement 
Synchronization character 


Start of message which is used as heading. 
Start of any message. Information code characters follow. 
Signals the end of a text. BCC(s) follow. 
Signals the end of a transmittal block. BCC(s) follow. 
If used by the master, it signals the end of a transmission. As a slave 
response, it indicates an abnormal termination of the transmission 
(abort). In multipoint systems, it is used by the control station to acti- 
vate address decoding functions within the tributary stations. 
Signals back to the master station that the last data block was not ac- 
cepted. It may also represent a negative response to an initialize se- 
quence, i.e. not ready. 

Request to send back status, or abort a block of transmitted data. 
Also used by the master station to end a polling sequence. 
Blocks of the received message are released to the program via inter- 
mediate interrupts for faster processing. BCC(s) follow the ITB. 
Used as leader in control sequences (see table 3). 
Used as DLE trailers in control sequences (see table 3). 
SYN-SYN establishes character synchronization. Inserted au- 
tomatically into the data stream by the transmitter. Does not enter 
main storage of the receiver. 



Table 3 BISYNC CONTROL CHARACTER SEQUENCES 



Mnemonic 



Function 



DLE-SAK 

DLE-STX 
DLE-EOT 
DLE-ETX 
DLE-ETB 
DLE-ITB 
DLE-0/1 
DLE-ENQ 
SYN-SYN 



DLE-SYN 
DLE-WBT 
STX-ENQ 



Indicates to the transmitting station that the receiving station wants to transmit data. Implies acknowl- 
edgement of last received block. 

Indicates to the transmitter that the last message was received free of errors, but the receiver cannot 
continue. 

Enters transparent text mode. Allows all 256 characters to be used as data. 
Disconnect sequence on a switched network. 
End-of-text signal in transparent mode. BCCs follow. 
End-of-transmittal-block signal in transparent mode. BCCs follow. 
Intermediate-block-checking signal in transparent text mode. BCCs follow. 
Used as positive reply to even/odd blocks respectively. 
Aborts block of transparent data. BCCs do not follow. 

Establishes character synchronization. Automatically inserted into the data stream during underrun in 
normal text mode. Used to maintain synchronization, and to recognize line interruptions. Does not enter 
main storage of receiver. 

Automatically inserted into the data stream during underrun in transparent text mode. Used to maintain 
synchronization, and to recognize line interruptions. Does not enter main storage of receiver. 
Signals to the transmitting station that the last block was received correctly, but the receiver cannot 
continue immediately because other operations have to be performed first. 

Temporary text delay. Abort sequence used by the master station to announce an abnormal termina- 
tion of the transmission. 



vNQnencs 
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Character Count Protocols 

Digital Equipment Corporation's DDCMP 
and its associated versions used by Bell 
Labs are character count protocols. A 
character count specifies the number of 
data characters in the information field of 
a message: positional significance is used 
to identify control information in the 
header of the block which is verified by a 
separate cyclic redundancy check. There 
are three control characters in DDCMP 
(SOH, ENQ, DLE) - each identifies the start 
of a different type of message. Figure 4 
depicts the DDCMP text message format. 

A "go back N blocks" type of error control 
is used in this protocol. Up to 255 blocks 
may remain outstanding before an ac- 
knowledgement is required. This is 
achieved by separate 8-bit send and 
receive block counts. When an acknowl- 
edgement is sent the received block count 
indicates the number of message blocks 
correctly received. This is compared with 
the send block count. The difference, if 
any, is the number of blocks that must be 
retransmitted. 



Bit Oriented Protocols 

BOPs make use of only two or three spe- 
cific control characters for operation of 
the data link. These characters are used to 
delimit the beginning (FLAG) and end 
(FLAG, ABORT, GA) of a message frame. 
Upon receipt of the opening FLAG, posi- 
tional signficance is used to delineate the 
bit sequence that follows into prescribed 
fields, as shown in figure 5. These fields 
area address, control, information, and 
frame check sequence. The address, con- 
trol, and frame check field are fixed length; 
the information field is variable and may be 
zero. Examples of BOPs are IBM's Syn- 
chronous Data Link Control (SDLC), 
ANSI's Advanced Data Communication 
Control Procedures (ADCCP), ISO's High- 
Level Data Link Control (HDLC), Bur- 
roughs' Data Link Control (BDLC), and 
various other protocols developed by com- 
puter mainframe manufacturers. All of the 
above mentioned protocols are similar and 
can be treated as subsets of ADCCP. 
BOPs also utilize a "go back N" type of 
error control. 



2653 FUNCTIONS AND 
APPLICATIONS 

BCC Accumulation 

The primary function of the PGC is the ac- 
cumulation of the BCC for character 
oriented protocol (BCP and CCP) 
messages. As described previously, there 
are four modes of BCC accumulation and 
each mode can select one of three 
generating polynomials to compute the 
BCC(s). The polynomials are xi6+ 
xi54-x2+l (CRC-16), xi2+x3-hx2+x + 1 
(CRC-1 2), and xQ+ 1 (LRC-8). The four ac- 
cumulation modes are BISYNC normal, 
BISYNC transparent, automatic accumu- 
late and single accumulate. 

In BISYNC normal mode, all characters 
loaded into the PGC's character register 
are accumulated except those In the SYN/ 
Not Included class. During receive opera- 
tions, a detected block terminating 
character (BTC) will cause the BCC ac- 
cumulation to stop after the next one 
(LRC-8) or two (CRC-1 2 or CRC-16) 





DDCMP MESSAGE FORMAT 






SYN 


SYN 


SOH 




Information 
(any number 
of 8 bit 
characters) 


CRC-1 6 
debits) 




Count 
(14 bits) 


Flags 
(2 bits) 


Response 
(8 bits) 


Sequence 
(8 bits) 


Address 
(8 bits) 


CRC-ie 
debits) 




Figure 4 











BIT ORIENTED PROTOCOL (BOP) MESSAGE FORMAT 








Header 


- 

Information 
(any number 
of bits) 


FCS 

debits, 

CRC-CCITT, 

inverted 

remainder) 


Flag 
(8 bits) 




Flag 
(8 bits) 


Address 


Control 




Zero in&tsi HUH/ ucieiiuii, v-Tiv-- etoL/Uiiiuidinjii 

1 










Figure 5 
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characters have been accumulated. At 
that time, if the BCC accumulation does 
not equal zero there has been a block 
check error. The BCC error bit will be set 
and an interrupt generated if the corre- 
sponding mask bit was enabled. In 
transmit mode, the BCC accumulation is 
automatically stopped once the BTC 
character has been accumulated. The 
CPU must read the BCC upper and BCC 
lower (for CRC-12 or CRC-16 only) 
reglster(s) and transmit them to the R/T or 
parallel peripheral. Since the accumula- 
tion has been stopped, the transfer of the 
first BCC to the R/T will not effect BCC 
lower. This assures that the second BCC 
will be correct when it is read by the CPU. 

Note that BCCs are not checked against 
the character class array nor are they 
compared to the DLE ROM. This prevents 
false character detections when transmit- 
ting or receiving BCCs. 

Second search character (SSC) detection 
is enabled in BISYNC normal allowing a 
two character communication control se- 
quence such as DLE-STX to be detected. 

In BISYNC transparent mode characters 
excluded from the BCC accumulation are 
the first DLE of a DLE-DLE pair, the DLE of 
a DLE-BTC pair, or DLE-SYN sequences 
(the SYN is also excluded). 

In receive and transmit modes, the ter- 
mination of BCC accumulation works 
exactly as in BISYNC normal, except that 
the BTC must be immediately preceded by 
an odd number of DLEs to be properly 
identified. 

Second search character detection is not 
enabled in BISYNC transparent since 
DLE-SSC sequences are only valid in 
BISYNC normal mode. 

in Automatic accumulate mode all charac- 
ters loaded into the character register are 
accumulated; BTC and SSC detection is 
enabled and the BCC accumulation is not 
automatically terminated. The CPU must 
use single accumulate mode to stop the 
accumulation. When in receive mode, the 
BCC error bit is set/reset after accumulat- 
ing each character so that the CPU must 
examine this bit after the last character is 
accumulated. 

Examples of use of the automatic accumu- 
late mode are a system where the R/T 
(2651/2661) operates with DLE/SYN 
stripping or in support of character count 
protocols such as DDCMP. 



In Single accumulate mode all characters 
are accumulated, but only after an ac- 
cumulate command is given by the CPU. If 
not given, the BCC accumulation is stop- 
ped. Operation in this mode is otherwise 
identical to automatic accumulate. Single 
accumulate mode can be used to selec- 
tively accumulate characters under CPU 
control or to accumulate characters that 
were unintentionally excluded in one of 
the other modes. 



Figures 6 and 7 illustrate the operation of 
the 2653 on various types of text and con- 
trol messages. 



Some Other Applications 

The PGC can be employed in a variety of 
applications other than a dedicated BCC 
generator for a single channel. For exam- 
ple, it can be multiplexed among several 
data channels, used as a programmable 
character comparator or it can be used to 
check parity on a system address or data 
bus. A brief description of each of these 
applications is given below. 

a. MULTIPLEXED PGC 

One PGC may be time-shared among a 
few R/T's if the CPU saves and restores 
the mode register and partial BCC result in 
the BCC registers. These registers are ac- 
cessed via CE1. There must be separate 
save area for each R/T (serial channel) 
and a channel pointer indicating the last 
R/T that transferred or received a data 
character (see figure 8). 

The loading of the BCC registers will clear 
SR0-SR3 and all previously detected spe- 
cial characters, i.e., DLE, BTC/SC, BCC 
(BISYNC modes). The BCC accumulation 
will start again when the next character is 
loaded into the character register in all ac- 
cumulation modes except single. That 
mode requires a start accumulation com- 
mand. 

b. CHARACTER COMPARATOR 

The PGC can be used as a programmable 
data bus character comparator which 
monitors data bus character transfers 
(CPU to peripheral, CPU to CPU, CPU to 
memory, memory to peripheral via DMA). 
The user selectively loads the character 
class array with BTC/SC and SSC charac- 
ters to be compared. Status bits will be set 
and an interrupt can be generated upon 
SC and DLE-SSC detection. A match on 
one to 128 different characters or DLE- 
SSC sequences can be programmed. 



Figure 9 depicts an arrangement where 
the DMA controller or slave CPU handles 
data bus transfers, the PGC interrogates 
the data bus, and the host CPU responds 
to PGC interrupts. 

c. BUS PARITY CHECKER 

The PGC can be used to check the parity 
of transactions on a system's data bus. 
The processor first writes control informa- 
tion into the PGC via the CE1 pin. All other 
bus operations are then checked for parity 
with external address decoding used to 
generate an active low CEO. Bus parity 
checking is useful in data transfers be- 
tween CPU and peripherals or memory 
and CPU. Some computers check parity 
on both halves of a 16-bit word during all 
system bus transfers. 



IVIULTi-PROTOCOL 
SYNCHRONOUS CHIP SET 

The Signetics 2652 Multi-Protocol Com- 
munications Controller (2652), originally 
targeted for bit oriented protocols and : 
DDCMP, can send and receive EBCDIC, 
ASCII, and SBT data. However, the 2652 
doesn't support many of the functions of 
byte controlled protocols. In particular, the 

2652 has no way of knowing which 
characters to include or exclude in the 
BCC accumulation. This makes the on 
board CRC-16 generator/checker useless 
for BISYNC. Furthermore, there are no 
provisions in the 2652 for transparent 
mode DLE handling, special character 
detection or two character sequence 
detection. But the PGC encompases all of 
these missing functions! Thus, the 2652 - 

2653 combination can totally support 
character controlled protocols as well as 
bit oriented and character count discip- 
lines. The PGC can be used for single 
character compares in SDLC/HDLC or 
DDCMP applications to reduce software 
overhead. 

As shown in figure 10, only a single 
inverter is required to interface the 2652 
and 2653 such that 2652 data bus 
transfers are monitored. 

A BISYNC/ASYNC CHIP SET 

Although the 2653 complements any R/T 
in the support of character controlled pro- 
tocols it is optimized for use with the Sig- 
netics 2661 Enhanced Programmable 
Communications Interface (EPCI). That 
device is a USART with on chip baud rate 
generator that has special features for 
BISYNC. There are two loadable SYN 
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EXAMPLES - BISYNC TEXT MESSAGE BCC ACCUMULATION 



SHADED AREAS ACCUMULATED 
Rx = RECEIVE MODE 
NO DLE/SYN STRIPPING 



CHARACTER CLASS ARRAY 
SYN/BISYNC NOT INCLUDED SYN, SON 
BTC/SC ETX, ETB, ITS, ENQ 
SSC STX 



CRC - 16 OR CRC - 12 



SYN SYN SOH v-— -w STXl >*^**'~» -' ETXt 



|»=c|»xj».| 



SET BISYNC 
NORMAL MODE 
(ALL EXAMPLES) 



BCC ERROR (Rx) IF 
ACCUMULATION 7^ 
ACCUMULATION STOPPED 
AFTER 2ND BCC NO 
PARITY CHECK ON BCCS 



STX I 



^^^^ L ^*^^ J ''*° I 



CPU RESETS BCC 
REGISTERS AFTER 
SOFTWARE DETECT 
OF STX THIS 
EFFECTIVELY 
EXCLUDES STX 



BCC ERROR (Rx) IF 7 LS BITS 
OF BCCu ^ VRC ERROR IF 
MS BIT IS INCORRECT PARITY 
ACCUMULATION STOPPED AFTER 
1 BCC 



SYN SYN SOH 



STXH***H**f«lTB| : BCCBCC{ SYN SYN i DLE STX| |j*^i»'*!ia DLE i ETxPbCC] 



(||:4»;Mi"«^ DLE i ETxpBCC|.BCci PAD I 



* 



i 



♦ 



OPTIONAL SSC 

DETECT 
SET BISYNC 
TRANSPARENT 



\ t 



POSSIBLE BCC ERROR 

(IF SO RESET BCC 

REGISTERS) 

RESET BCC REGISTERS OR 

SET BISYNC NORMAL 



SYN SYN SOH 



I wMvwfWMM DLE^TX K 



DLE STX l*ni¥H*wENQ ETB ITB ETX 



I DLE i DLE i SYN i DLE SYN I DLE i ETX | BCC f BCC I P 



i \ 



SSC 
DETECT 
SET BISYNC 
TRANSPARENT 
MODE 



t DLE -STX |wMi!i,M|i!i!H|t*«*»»*««^ SYNfYN i DLE SYN I DLE | DLeI ITB J DLE I IT^lBCC I BCC isTX ii**><»| ETX i 



i \ 



SET BISYNC 
TRANSPARENT AND 
RESET BCC REGISTERS 

NOTES 

1 BCC error only for receive mode In transmit mode, CPU must respond to BTC detect by 
reading the BCC register(s) and sending them to the R /T The accumulation is stopped 
after the BTC is accumulated 

2 ENQ (DLE-ENQ) in a text message should be treated as an abort 

3 Opening SYNs may be stripped by the R/T 

4 The single accumulate mode and command can be used to accumulate a character that 
inadvertently was excluded (For example, the DLE of a DLE-STX if the PGC was in 
transparent mode and there was not a line turnaround prior to the DLE) The single 
accumulation should be done using CEl after the BCC(s) have been accumulated 



(IF BCC ERROR) 
AND SET BISYNC 
NORMAL 



Figure 6 
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EXAMPLES - BISYNC CONTROL MESSAGES 



BTC/SC EOT, NAK 

SSC ACKO, ACK1, WACK, RVI 

SINGLE ACCUMULATION MODE 
STOPS BCC ACCUMULATION 



I SYN SYN I EOT I PAD I SYN SYN I (^ ' ' I 



a REPRESENTS A UNIQUE POLLING OR SELECTION ADDRESS 



I SYN SYN I 



1 SYN 


SYN 


I"*'!""! 


1 

BTC/SC 
DETECT 


SYN 


SYN 


WACK 


\ 

SSC 
DETECT 


SYN 


SYN 


RVI 



CONTROL STATION POLL 
OR SELECTION OF A 
TRIBUTARY STATION 



TRIBUTARY STATION PREPARED TO 
RECEIVE OR POSITIVE ACKNOWLEDGMENT 
OF EVEN NUMBERED TEXT BLOCK 



TRIBUTARY STATION NOT READY TO 
RECEIVE OR NEGATIVE ACKNOWLEDGMENT 
OF TEXT BLOCK 



REVERSE INTERRUPT FROM RECEIVING 
STATION TO REQUEST TERMINATION 
OF THE CURRENT TRANSMISSION 
BECAUSE THE RECEIVER WANTS TO 
TRANSMIT 



NOTES 

1 BCC accumulation should be ignored for control messages This can be effected by 
single accumulate mode without single accumulate commands 

2 Characters programmed as SSCs should be the binary equivalent of the second 
character of the DLE-SSC sequence 

Figure 7 



registers and a loadable DLE Register in 
the EPCI. Figure 11 is a schematic show- 
ing the 2653 and 2661 interfaced to an 8- 
bit CPU. 

A transparent operating mode causes the 
EPCI to automatically change the detected 
synchronization sequence and underrun 
linefill from SYN-SYN to DLE-SYN. This is 
necessary to prevent an unrecoverable 
problem at the receiver. If a USART sent or 
received the normal mode SYN-SYN se- 
quence it would be interpreted as 
transparent data rather than actual syn- 
chronization information. 

Another transparent mode function is 
detecting and stripping received DLE's. 
Normally a software job, this task is com- 
pletely and properly handled by the 2661. 
The DLE Detect status bit is even au- 
tomatically reset at the proper time. 



A Send DLE command in the 2661 's 
transmitter can be used to prevent a pos- 
sible underrun between the DLE and a 
subsequent control character. Such an 
underrun would cause an incorrect control 
sequence to be transmitted. For example, 
consider an underrun between a DLE- 
STX, the sequence used to enter 
transparent mode. The transmitted se- 
quence becomes DLE-SYN-SYN-STX. But 
a DLE-SYN is illegal unless transparent 
mode has been entered. Furthermore, the 
STX would set normal text mode not 
transparent mode. 

FLOW CHARTS FOR BISYNC 
OPERATION 

Figures 12 through 15 illustrate functional 
flow charts for the operation of the 2653 - 
2661 pair in BISYNC. The intent of these 
flow charts is to illustrate the procedures 



required when receiving and transmitting 
BISYNC text messages in both normal and 
transparent modes of operation It is not 
implied that the actual software program to 
handle these tasks necessarily follow the 
flow charts step by step. In an actual 
application, an interrupt driven structure 
would be more appropriate. Assumptions 
are half-duplex operation (normal for the 
BISYNC protocol) and use of the EBCDIC 
code. 

The receive flow, figure 12, starts with ini- 
tialization of the PGC and EPCI for the nor- 
mal mode Modem handshaking is then 
performed. Upon detection of carrier, indi- 
cated by assertion of the 2661 's DCD sta- 
tus bit, the receiver is enabled, the PGC is 
setup for receive, and miscellaneous flags 
are reset. Data is then read from the 2661 
receive holding register and acted upon 
according to the BISYNC protocol The 
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c 



PGC SERVICES MULTIPLE RECEIVERS/TRANSMITTERS 



/\ 



V 



ADDRESS, DATA, R/W, CEO 



ONE PGC IS TIME-SHARED BY THREE R/Ts 

THE CPU READS AND RESTORES THE PARTIAL BCC 

REMAINDER FOR EACH SERIAL CHANNEL 



I ' ADDRESS 
I I DATA 
R/W 



<=> 



TV 



<2Jv> 



C:^ 



C=> 



Figure 8 



PGC DATA BUS MONITORING WITH DMA TRANSFERS 



-7^ 



APPLICATIONS INCLUDE CHARACTER ARRAY 
COMPARISONS, VRC AND/OR BCC CHECKS 
ON THE DATA BUS. 



NOTE 

'CPU initializes DMA controller for each block transfer of 

data. 



Figure 9 
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2652/2653 INTERFACE 
TYPICAL PROTOCOLS: BISYNC, DDCMP, SDLC, HDLC 

INTERRUPTS TxBE, TxU, RxDA, RxSA 



IT 



<: 



:> 



TxD 
' RxD 



RxC 

DB7-DB0 



A1 PGC 

R/W 



Figure 1 



2651 OR 2661/2653 INTERFACE 



INTERRUPTS 



TxRDY, ftxft&y, TxESTT/iSSCHe 



~6 — ^A^ — o 



v 



c 



+5V 
► TxD 
• RxD 

- TxC 

- RxC 



^ 
^ 



— " ^ O +5V 



Figure 1 1 
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PGC status flags are utilized to determine 
if and when the transmission switches to 
transparent mode, and to determine the 
receipt of a blocl< terminating character 
(BTC). The two characters following the 
BTC are the Block Check Character. After 
these are received, the PGC status 
register is examined to determine if a BCC 
error has occured. 

The data stored in the buffer will be strip- 
ped of all sync characters. DLEs are not 
stripped. Although the 2661 includes a 
DLE stripping capability, this feature is not 
employed because the DLEs must be 
'seen' by the PGC in order for It to ac- 
cumulate the BCC correctly. The CPU 



must remove the extraneous DLEs which 
may be imbedded in a transparent block of 
text. 

The transmit flow chart, figure 13, oper- 
ates on a block of data placed in a buffer 
area by the controlling CPU. This data 
must include the SYNs to be sent at the 
initiation of transmission and the DLEs 
that form part of a two character control 
sequence. DLEs in a transparent block of 
text need not be doubled up - the EPCI will 
automatically add a DLE if one is loaded 
into its THR while operating in transparent 
mode. A character counter assists the 
software to determine when a DLE is really 
part of a BTC (in transparent mode). 



After initialization of the PGC and EPCI 
and establishment of the modem connec- 
tion, the data is pulled from the buffer and 
transmitted. If a DLE is detected in the 
data stream, and that character is part of a 
two character control sequence, the 'send 
DLE' feature of the PCI is used to avoid 
underrun between the two characters. 
Since the DLE is not transferred to the 
EPCI via the data bus, this requires that an 
extra DLE be accumulated in the PGC. 
This is done by use of the PGC's capability 
to accumulate characters loaded via CE1. 
When a BTC is detected by the PGC, the 
two BCC characters are read from the 
BCC registers and transferred to the EPCI 
for transmission. 
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BISYNC RECEIVE FLOW CHART CONTINUED 




WRITE PCI 

MR1 
DATA = OC 

WRITE PGC 

CR 
DATA = 02 



INITIALIZE 
FLAGS FOR 
NEXT BLOCK, 
RESET BCC, 
SWITCH TO 
BISYNC NORMAL 
MODE 




BISYNC RECEIVE FLOW CHART NOTES 



= the first non-sync character has been 
received 



TFLAG = operating in transparent mode 
EFLAG = BCC or PAD error 



= Received block terminating character (BTC) 
Awaiting BCC 



■■ Received first 
second BCC 



BCC character Awaiting 



2 SSC detect is disabled by PGC while in transparent mode 

3 Pointer is decremented to overwrite previously stored 
'DLE' which was part of a 'DLE-SYN' line fill 

4 Test for closing PAD of at least four ones at end of 
message 

5 If first non-sync character is a 'DLE', the message will start 
with 'DLE-STX' (transparent mode) FFLAG is not set m this 
case since both these characters are excluded from the 
accumulation 

6 First non-sync character of a new message, or first two if 
message starts in transparent mode, are excluded from the 
BCC accumulation 
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BISYNC TRANSMIT FLOW CHART CONTINUED 
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BISYNC TRANSMIT FLOW CHART NOTES 



Transmitter will not operate until Clear to Send (CTS) input is asserted 

A DLE at this point in the transmit sequence can only be followed by an STX, which will place the system in 

transparent mode The 'Send DLE' capability of the PCI is used in order to prevent underrun between the DLE and 

STX characters, and possible misinterpretation of the sequence by the receiving station 

First non-sync character of a new message, or first two if message starts in transparent mode, are excluded from 

the BCC accumulation 

DFLAG IS used to indicate that a DLE must precede the next transmitted character 

In transparent mode, the 2661 will automatically send an extra DLE when a DLE is loaded into the THR 

Underrun of PCI is not permitted at points shown Otherwise, received data may be misinterpreted 

Figure 1 3 continued 
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INTRODUCTION 

Microprocessors and LSI have had a 
dramatic Impact on the implementation 
and capabilities of alphanumeric CRT ter- 
minals. The first generation of CRT ter- 
minals were little more than 'glass 
teletypes'. Current designs, implemented 
with microprocessors, are characterized 
by an abundance of sophisticated 
features that were previously not 
economically feasible: a universal hard- 
ware design that can adapt to different 
user requirements simply by changing 
software or firmware; programmability to 
provide end users with the flexibility to 
execute specialized routines; and local 
intelligence and storage which off-loads 
the host CPU by permitting data manipula- 
tion and verification at the terminal site. 

Just as the impact of microcomputers has 
been felt in the functional capabilities of 
terminals, advances in semiconductor 
technology have revolutionized the hard- 
ware implementation. Designs that pre- 
viously consisted of 100 to 200 ICs can 
now be realized with a few dozen MSI and 
LSI devices. The majority of the LSI 
manufacturers' effort with respect to CRT 



terminals has been concentrated in the 
'CRT controller' area. These circuits pro- 
vide the character timing, display 
addressing, and sync generation func- 
tions required by ail terminals. However, 
these controllers need to be supported by 
many other external circuits to implement 
a complete terminal. 

The purpose of this application note is to 
provide information on the use of four new 
Signetlcs CRT terminal products which, 
when combined with standard CPUs, 
memories, and TTL, allow the implementa- 
tion of a wide spectrum of CRT terminal 
capabilities in as few as 15 total 
packages. These devices are: 

• 2670 Display Character and 
Graphics Generator (DCGG) 

• 2671 Programmable Keyboard and 
Communications Controller (PKCC) 

• 2672 Programmable Video Timing 
Controller (PVTC) 

• 2673 Video and Attributes Con- 
troller (VAC) 

MAJOR ELEMENTS OF A CRT 
TERMINAL 

Figure I shows the major elements of a 
typical low-end microcomputer-based 



CRT terminal. In this system, the CPU 
examines inputs from the data com- 
munications line and the keyboard and 
places the data to be displayed in a dis- 
play buffer memory, which is typically a 
RAM which holds the data for a single or 
multiple screenload (page) or for a single 
character row. High-end ('smart' and 
'intelligent') terminals start with the same 
base, but append additional circuits to 
provide more features and capabilities. 
The following sections describe the func- 
tions of each of the major blocks. 

Character Timing and Sync 
Generation 

The major function of this block is to 
generate the horizontal and vertical timing 
signals required to produce the TV raster 
on the CRT monitor. Other functions 
include the generation of display memory 
addresses in synchronism with the moni- 
tor scan and in accordance with a defined 
screen format (characters per row, scan 
lines per row and rows per screen), 
generation of a cursor signal at the 
appropriate scan position, and generation 
of video blanking signals during retrace 
intervals. 
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I/O Interface 

In its simplest form, this block provides an 
interface to a keyboard to identify the key 
depressed and a serial communications 
link, normally operating in an asynchro- 
nous format, between the terminal and the 
host computer. Although these functions 
could be performed programmatically by 
the terminal CPU system, removing these 
functions to intelligent controllers unbur- 
den the system CPU and allow it to 
be used more effectively to provide addi- 
tional features with a relatively small 
cost impact. 

Character and Graphics 
Generation 

These circuits convert the data stored in 
the display memory to the line by line dot 
patterns required to display the data on 
the CRT monitor. 

Video Timing and Visual 
Attributes 

This section contains the high speed (dot 
rate) circuits necessary to convert the 



parallel data from the character and 
graphics generation circuits to the serial 
video stream required by the CRT. Also 
included are circuits to sum visual display 
attributes such as blinking, high/low 
intensity, reverse video, and underlining 
into the video stream. 

SIGNETICS' CRT CHIP SET 

As mentioned previously, the Signetics 
CRT 'set' consists of four circuits. The 
functions of these circuits correspond 
closely to the four major CRT terminal 
blocks described above. The circuits have 
been partitioned so as to allow each to be 
used independent of the others, allow 
several alternative methods of implement- 
ing the display memory interface so that 
the hardware can be tailored to the system 
requirements, provide a full complement of 
programmable capabilities, and minimize 
the number of support circuits required. 

The following sections give a brief 
description of each of the circuits. The 
reader is referred to the individual data 
sheets for full operational details. 



2672 Programmable Video 
Timing Controller (PVTC) 

The 2672 PVTC, figure 2, is a programma- 
ble device designed for use in CRT ter- 
minals and display systems that employ 
raster scan techniques. The PVTC gener- 
ates the vertical and horizontal timing sig- 
nals necessary for the display of inter- 
laced or non-interlaced data on a CRT 
monitor. Also, the 2672 provides consecu- 
tive addressing to a user specified display 
buffer memory domain and controls the 
CPU-display buffer interface for various 
buffer configuration modes. A variety of 
operating modes, display formats, and tim- 
ing profiles can be implemented by 
programming the control registers in the 
PVTC. 

The CPU initializes the 2672 control and 
timing registers for the desired timing 
profiles and memory configuration. The 
PVTC provides the handshake control for 
CPU access to the display buffer. One of 
four memory access modes may be 
programmed: independent mode, trans- 
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parent mode, shared mode, and row mode. 
These modes are described In the System 
Configurations section of this application 
note. 

In all modes, the PVTC provides 
addresses for the display buffer which 
outputs the character codes to the 2670 
Display Character and Graphics Genera- 
tor (DCGG) and visual attribute codes to 
the 2673 Video Attributes Controller 
(VAC). The DCGG and PVTC supply the 
dot data and sync timing to the VAC which 
generates the serialized video. 

Programmable features of the PVTC 
include screen format (characters/row, 
rows/screen, scan lines/row), horizontal 
and vertical timing parameters, cursor 
type (block or underline) and blink rate, 
character blink rate, interlaced or non- 
interlaced operation, and single or double 
height characters. 

The PVTC is capable of producing inter- 
rupts based upon several internal condi- 
tions. By using these interrupts (or by poll- 
ing the equivalent status register) display 
features such as non-consecutive buffer 
addressing for split screen operation, 
multiple cursors, horizontal and vertical 
scrolling, and smooth vertical scroll can be 
implemented. 



2671 Programmable Keyboard 
and Communications Controller 
(PKCC) 

The 2671, figure 3, is an MOS LSI device 
which provides a versatile keyboard inter- 
face and also functions as an asynchro- 
nous communications controller. It is 
intended for use in microprocessor based 
systems and provides an eight bit data bus 
interface. 

The keyboard controller handles the scan- 
ning, debounce, and encoding of mechani- 
cal or capacitive keyboards with a max- 
imum of 128 keys utilizing any of four 
programmable rollover modes. A mask 
programmable ROM provides four levels of 
key encoding, corresponding to the sepa- 
rate shift and control input combinations. 
An eight bit keyboard status register 
transmits status iniormation to the CPU. 
Programmable features include rollover 
mode, scan rate and debounce time, 
coded or uncoded operation, and 
automatic repeat operation. 

The communications section of the PKCC 
is a universal asynchronous receiver and 



transmitter (UART). The receiver accepts 
serial input data and converts it to parallel 
data characters. Simultaneously, the 
transmitter accepts parallel data from the 
CPU data bus and outputs it in serialized 
form. Received data is checked for parity 
and framing errors, and break conditions 
are flagged. Character lengths can be 
programmed as 5, 6, 7, or 8 bits not includ- 
ing parity, start or stop bits. An internal 
baud rate generator (BRG) operating from 
an external clock or directly from a crystal 
can be used to derive one of sixteen 
receive and/or transmit clocks. An eight 
bit communications status register pro- 
vides status information to the CPU. 

The PKCC has an interrupt mask register 
to selectively enable keyboard and com- 
munications status bits to generate inter- 
rupts. Priority encoded interrupt vectoring 
is available. Upon receipt of an interrupt 
acknowledge, a mask programmable inter- 
rupt vector will be output on the data bus 
reflecting the source of the interrupt. The 
mask enabled interrupt sources can also 
be read directly. 



2670 Display Character and 
Graphics Generator (DCGG) 

The DCGG, figure 4, is a mask-program- 
mable 11,648-bit line select character 
generator. It contains 1 28 1 0x9 characters 
placed in a 10x16 matrix, and has the 
capability of shifting certain characters, 
such as j, y, g, p and q, that normally 
extend below the baseline; effecthvely, the 

9 active lines are lowered within the matrix 
to compensate for the character's posi- 
tion. 

Seven bits of an 8-bit address code are 
used to select 1 of the 128 available 
characters. The eighth bit functions as a 
chip enable signal. Each character is 
defined by a pattern of logic Is and Os 
stored in a 10x9 matrix. When a specific 4- 
bit binary line address code is applied, a 
word of 10 parallel bits appears to the out- 
put. The lines can be sequentially 
selected, providing a 9-word sequence of 

10 parallel bits per word for each 
character selected by the address inputs. 
As the line address inputs are sequentially 
addressed, the device will automatically 
place the 10x9 character in 1 of 2 
preprogrammed positions on the 16-line 
matrix with the positions defined by the 4- 
line address inputs. One or more of the 10 
parallel outputs can be used as control 
signals to selectively enable functions 
such as half-dot shift, color selection, etc. 



The 2670 DCGG includes latches to store 
the character address and line address 
data. A control input to inhibit character 
data output for certain groups of charac- 
ters is also provided. The 2670 also 
includes a graphics capability, wherein 
the 8-bit character code is translated 
directly into 256 possible user program- 
mable graphic patterns. Thus, the DCGG 
can generate data for 384 distinct pat- 
terns, of which 128 are defined by the 
mask programmable ROM. 



2673 Video and Attributes 
Controller (VAC) 

The 2673, figure 5, is a bipolar LSI device 
designed for CRT terminals and display 
systems that employ raster scan tech- 
niques, it contains a high speed video shift 
register, field and character attributes 
logic, attribute latch, cursor format logic 
and half dot shift control, and can be 
programmed for a light or dark screen 
background. 

The VAC visual attribute capabilities are 
reverse video, character blank, blink, 
underline, highlight, and light pen strike- 
thru or, optionally, graphics. Each attribute 
has a separate control input which is 
latched internally when the AFLAG input is 
asserted. If the AMODE input is low, the 
attributes are valid for one character time. 
If AMODE is high, the attributes remain 
valid until the field is terminated by strob- 
ing in a new attributes set. The attributes 
are double buffered on a row by row basis 
internally so that field attributes can 
extend across character row boundaries 
thereby eliminating the necessity of start- 
ing each row with an attribute set 

The horizontal dot frequency is the basic 
timing input element to the VAC; internally, 
this clock is divided down to provide a 
character clock output for system syn- 
chronization. Ten bits of dot data are 
parallel loaded into the video shift register 
on each character boundary. The video 
data is shifted out on three outputs at the 
dot frequency. On the video output, the 
video is presented as a three level signal 
representing low, medium and high inten- 
sities, and the three intensities are also 
encoded on the two TTL compatible video 
outputs. 
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2670 DISPLAY CHARACTER AND GRAPHICS GENERATOR 
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SYSTEM CONFIGURATIONS 

The PVTC supports four common system 
configurations of display buffer memory 
interface, designated the independent, 
transparent, shared, and row buffer 
modes. The first three modes utilize a 
single or multiple page RAM and differ pri- 
marily in the means used to transfer dis- 
play data between the RAM and the CPU. 
The row buffer mode makes use of a single 
row buffer (which can be a shift register or 
a small RAM) that is updated in real time to 
contain the appropriate display data. 



Independent Mode 

The CPU to RAM Interface configuration 
for this mode is illustrated in figure 6. 
Transfer of data between the CPU and dis- 
play memory is accomplished via a 
bidirectional latched port and is controlled 
by th e PVTC signals read data buffer 
(RDB), write data b uffer (WDB), and buffer 
chip enable (BCE). This mode provides a 
non-contention type of operation that does 
not require address multiplexers. The CPU 
does not address the memory directly - the 
read or write operation is performed at the 
address contained in the cursor address 
register or the pointer address register as 
specified by the CPU. The PVTC enacts 
the data transfers during blanking inter- 



vals in order to prevent visual distur- 
bances of the displayed data. 

The CPU manages the data transfers by 
supplying commands to the PVTC. The 
commands used are: 

1. Read/Write at pointer address. 

2. Read/Write at cursor address (with 
optional increment of address). 

3. Write from cursor address to pointer 
address. 

The operational sequence for a write to 
memory operation is: 

1. The CPU loads data to be written into 
the display memory into the interface 
latch. 

2. The CPU writes the destination 
address into the PVTC's cursor or 
pointer registers. 

3. The CPU checks the PVTC 'RDFLG' 
status bit to assure that any previous 
operation has been completed. 

4. The CPU Issues a 'write at cursor with/ 
without increment' or a 'write at pointer' 
command to the PVTC. 

5. The PVTC negates 'RDFLG', outputs 
the specified address, and generates 
control signals to perform requested 
operation. Data is copied from the 
interface latch into the memory. 

6. The PVTC sets its 'RDFLG' status to 
indicate that the write operation is com- 
pleted. 



Similarly, a read operation proceeds as 
follows: 

1 . Steps 2 and 3 as above. 

2. The CPU issues a 'read at cursor with/ 
without increment' or 'read at pointer' 
command. 

3. The PVTC negates 'RDFLG', outputs 
the specified address, and generates 
control signals to perform the read 
operation. Data is copied from the 
memory to the interface latch and the 
PVTC sets its 'RDFLG' status to indi- 
cate that the operation is completed. 

4. The CPU checks the 'RDFLG' status to 
see if the read is completed. 

5. The CPU reads the data from the inter- 
face latch. 

Loading the same data into a block of dis- 
play memory is accomplished via the 'write 
from cursor to pointer' command: 

1. The CPU loads the data to be written 
into the display memory into the inter- 
face latch. 

2. The CPU writes the beginning address 
of the memory block into the PVTC's 
cursor address register and the ending 
address of the block into the pointer 
address register. 

3. The CPU checks the 'RDFLG' status bit 
to assure that any previous operation 
has been completed. 

4. The CPU issues a 'write from cursor to 
pointer' command to the PVTC. 
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5. The PVTC negates 'RDFLG' and out- 
puts block addresses and control sig- 
nals to copy the data from the interface 
latch into the specified block of memo- 
ry. 

6. The PVTC sets its 'RDFLG' status to 
indicate that the block write is com- 
pleted. 

Similar sequences can be implemented on 
an interrupt driven basis using the READY 
interrupt output from the PVTC to inform 
the CPU that a previously requested com- 
mand has been completed. 

Two timing sequences are possible for the 
'read/write at cursor/pointer' commands. 
If the command is given during the active 
display window (defined as first scan line 
of the first character row to the last scan 
line of the last character row), the opera- 
tion takes place during the next horizontal 
blanking interval. If the command is given 
during the vertical blanking interval, or 
while the display has been commanded 
blanked, the operation takes place 
immediately. 



For the 'write from cursor to pointer' 
operation, the PVTC's BLANK output is 
asserted automatically and remains 
asserted until the vertical retrace interval 
following completion of the command. The 
memory is filled at a rate of one location 
per two character times, plus a small 
amount of overhead. 



Shared and Transparent 
Buffer Modes 

In these modes the display buffer RAM is a 
part of the CPU memory domain and Is 
addressed directly by the CPU. Both 
modes use the same hardware configura- 
tion with the CPU accessing the display 
buffer via three-state drivers (s ee figure 
7). The processor bus request (PBREQ) 
control signal informs the PVTC that the 
CPU is requesting access to the display 
buffer. In response to this requ est, the 
PVTC raises bus acknowledge (BACK) 
until its bus external (BEXT) output has 
freed the displa y addre ss and data busses 
for CPU access. BACK, which can be used 
as a 'hold' input to the CPU, is then 



lowered to indicate that the CPU can 
access the buffer. 

In transparent mode, the PVTC delays the 
granting of the buffer to the CPU until a 
vertical or horizontal blanking interval, 
thereby causing minimum disturbance of 
the display. In shared mode, the PVTC will 
blank the display and grant immediate 
access to the CPU. 

Row Buffer Mode 

Figure 8 shows the hardware implementa- 
tion for the row buffer mode. During the 
first scan line (line 0) of each character 
row, the PVTC halts the CPU and DMA's 
the next row of character data from the 
system memory to the row buffer memory. 
The PVTC then releases the CPU and dis- 
plays the row buffer data for the program- 
med nu mber of scan lines. The bus 
request (BREQ) control signal informs the 
CPU that character addresses and the 
memory bus control (MBC) signal will start 
at the next falling edge of BLANK. The 
CPU must release the address and data 
busses before this time to prevent bus 
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ROW BUFFER MODE CONFIGURATION 
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contention. After the row of character data 
is transferred to the CPU, BREQ returns 
high to grant memory control back to the 
CPU. 

A MINIMUM CHIP COUNT 
TERMINAL IMPLEMENTATION 

Figure 9 is the schematic of a minimum 
chip count CRT termmal using the four 
CRT set devices. Only 15 IC packages are 
required for the complete implementation, 
including all keyboard encoding and RS- 
232 level conversion for the serial inter- 
face. Despite this low chip count the ter- 
minal is capable of providing an 
impressive array of features including: 
Display Format- 

• 24 or 25 character rows 

• 80 characters per row 
Character Format. 

• 7x9 dot matrix character m a 
9x12 character block 

• 96 ASCII alphanumeric charac- 
ters 

• 32 special symbols 

• Block graphics 

• Line drawing character set 
Cursor- 

• Underline or block cursor 

• Optional blinking 
Keyboard: 

• 128 keys maximum 

• Non-encoded 



• Cursor control keys 

• Numeric keypad 
Serial Interface- 

• Full or half duplex 

• RS-232 compatible 

• 16 baud rates with internal baud 
rate generator 

• Character or block transmission 
Operating Modes: 

• Normal 

• Transparent (displays graphic 
and control characters) 

• Page or scroll with optional 
smooth scroll 

Visual Attributes. 

• Blink 

• Reverse video 

• Highlight 

• Underline 

• Non-display 

The system utilizes the independent buffer 
mode to minimize hardware requirements. 
The dual port interface to the 2Kx8 display 
buffer is via a Signetics 8X31 bidirectional 
latch This may be replaced by a unidirec- 
tional latch such as the 74LS374 if reading 
of the RAM's contents by the CPU is not 
required. 

The operating program for the terminal is 
contained in the internal ROM of the 8049 
microcomputer, which also provides the 



RAM required by the system program. 
Since the majority of the terminal's 
features are tailored by firmware, the ROM 
size can be increased, either internally or 
externally, to support additional func- 
tions. 1 

BASIC TERMINAL SOFTWARE 

The software for a microcomputer based 
terminal is closely tied to the system hard- 
ware configuration and its characteristics. 
If an interrupt driven mode of operation is 
desired, the system hardware/software 
design must be capable of prioritizing the 
interrupts so that the system will correctly 
service interrupts from different sources. 
In a typical system, there are three inter- 
rupt sources- the keyboard, the com- 
munications interface, and the video tim- 
ing controller. The latter must usually be 
assigned the highest priority since failure 
to service an interrupt from the video tim- 
ing controller on a timely basis may result 
in visual perturbations on the display The 
keyboard and datacomm interrupts can, in 
most cases, absorb some time delay 
before they are serviced since they 
include one or more levels of data buffers. 



M pre-programmed 8049 microcomputer 
containing the operating firmware for this 
terminal will be available from Signetics. 
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Often, a multi-level Interrupt structure will 
be required so that a high priority interrupt 
requiring immediate service can be serv- 
iced even while the system is in the proc- 
ess of servicing a lower priority interrupt. 

A simplified flowchart for the software for 
an interrupt driven terminal Is shown in 
figure 10. After application of power, the 
microprocessor first performs a system 
initialization routine which consists of five 
parts: 

1 . Clear the microcomputer's scratch- 
pad RAM. 

2. Initialize the 2672 PVTC for the 
desired screen format, monitor tim- 
ing parameters, cursor parameters, 
and display start address. 

3. Clear the CRT display by loading a 
non display-code (usually an ASCII 
'space', 20 hex) Into the buffer 
memory. 

4. Initialize the 2671 PKCC for the 
desired keyboard and serial inter- 
face modes. 

5. Read any mode switches (e.g., full 
or half duplex, baud rate, cursor 
type, etc.) and set system param- 
eters as required. 

The processor can now enable its inter- 
rupts and wait in a loop until an interrupt is 
received. When this happens, the proc- 
essor first determines the source of the 
interrupt and then performs the required 
system operation. 

An interrupt from the CRT timing controller 
usually indicates that some information is 
required for proper screen refresh opera- 
tion. For example, the PVTC may issue a 
'split screen' Interrupt to indicate that a 
new address must be loaded into its 
screen start registers in order for the next 
character row to be displayed from other 
than the next sequential address in memo- 
ry. The CPU must service this interrupt 
within a finite time in order for the display 
to operate correctly. 

An interrupt from the keyboard interface 
may be either a displayable character or a 
control function. Displayable characters 
are usually transmitted to the host com- 
puter and also placed into the buffer 
memory for display on the terminal. Cer- 
tain control characters, such as cursor 
control keys or keyboard error codes, may 
cause only local actions, while others will 
also require transmission to the host. 

An interrupt from the data communications 
interface may also be a displayable 
character or a system control character. In 
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either case the microprocessor must 
determine the type of character and per- 
form the necessary system operation. 

A DESIGN EXAMPLE 

A fully operational emulation of an IBM 
3101 terminal was designed and con- 
structed using the Signetics CRT chip set. 
The terminal incorporates the majority of 
the 3101's functions. Selected functions 
were not incorporated due to program 
memory limitations. For example, the tab- 
bing functions were developed and tested 
but were left out In deference to the block 
transmission functions. More features 



could have been included by selecting 
another of the numerous microprocessor 
devices on the market with greater 
program memory capacity. Major features 
of the terminal are summarized in table 1 .i 



^A data package for the design, including 
details of operation, schematic, and 
program listing, is available upon request 
by writing to: 

Signetics Corporation 

Microprocessor Applications Dept. 

Mail Station 12-76 

P.O. Box 409 

Sunnyvale, CA 94086 
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Table 1 - TERMINAL FEATURES 



Display Screen Format 


— Erase functions: erase EOL, erase 


- 2000 character screen capacity (25 


EOS, clear screen 


rows X 80 columns) 




— Operator information area (25th 


Visual Attributes 


line) 


- Highlighted field 


— Block-shaped cursor with optional 


— Blinking field 


blinking 


— Non-displayed field 




- Underlined field 


Displayable Graphic Set 


Modes of Operation 


— 95 ASCII characters for non- 


— Transmission modes: character or 


transparent mode 


block (page or line) 


— 128 characters for transparent 


— Normal or transparent 


mode 




— 7x9 character matrix m 9x12 field 


Line Protocol 




— Asynchronous 


Keyboard 


- 7-bit ASCII with programmable 


— 63-key main keyboard 


parity 


— 12-key control key cluster 


- One or two stop bits 


— 12-key numeric keypad 


— Full or half duplex 


— Keyboard lock/unlock under soft- 


— Online or local 


ware control 


— Programmable line turnaround 


— Keyboard clicker 


character for block mode (EOT/ 


— Typamatic operation 


ETX/CR/XOFF) 




- EIA RS232 interface 




— Communication line speed: 50 to 


Edit Functions 


9,600 baud 


— Cursor controls: up, down, left, right. 




home 


Screen Refresh Rate 


— Cursor address read and write 


- 60 Hz 



Terminal Hardware 

The block diagram of the 8035 based ter- 
minal is illustrated in figure 11. It is an 
expanded version of the logic shown in 
figure 9, the major difference being a 
larger display RAM, to provide up to two 
pages of screen data, and the addition of 
several input ports to handle the large 
number of option and set-up switches. The 
terminal's software is contained in 4K of 
program storage external to the 8035 

The 2672 PVTC is programmed to operate 
in the independent buffer mode with the 
CPU isolated from the display RAM by two 
74LS364 eight-bit latches, which provide 
the path for data transfers between the 
CPU and RAM. The PVTC, responding to 
commands from the CPU, completely con- 
trols the data transfer To avoid display 
interference, the PVTC is instructed to 
complete the access during a blanking 
interval. For massive display updates 
(clear screen, load form, etc.) the PVTC is 
instructed to blank the display and service 
the data transfer immediately and con- 
tinuously. Additional memory contention 
circuitry is not necessary since the PVTC 
provides all of the timing and addressing 
(via cursor and pointer) necessary to com- 
plete the transfer. An interrupt from the 



PVTC informs the CPU when an operation 
is completed. 

The PVTC addresses the display buffer 
memory, which contains both character 
and attribute data. An attribute byte is 
identified by the software by setting bit 7 
of the byte to a logic 1 . The RAM data out- 
puts are applied to the 2670 DCGG, which 
provides the character dot data informa- 
tion, and to the 2673 VAC. 
The VAC is hardwired to operate in the 
field attributes mode for this application. 
An attribute character occupies a screen 
position but is not displayed unless the 
ACD input to the VAC is asserted. Bit 7 of 
the character byte identifies a character 
as an attribute character if it is a 1 . When 
bit 7 on the RAM data bus is a 1, the 
attribute byte is latched into the VAC to 
begin a new attributes field. Since the 
attributes are double buffered in the VAC, 
only one byte (at any character position) is 
required to specify a field. 
The bipolar VAC circuit serializes the dot 
data from the DCGG into a 17.5 MHz data 
stream for the monitor. Two TTL-level 
video outputs provide three levels of video: 
black, white, and gray. 

The PKCC provides the asynchronous 
data communications link at one of sixteen 



selectable baud rates. The PKCC 
addresses two 74LS145s which act as a 
4-to-16 decoder to drive a 16x8 matrix 
keyboard. Key depressions are detected 
on the KRET input from a 74LS151 8-to-1 
multiplexer. Each key depression is 
debounced, encoded according to the 
states of the SHIFT and CONTROL inputs, 
and presented to the CPU. Repeat and 
'typomatic' (auto-repeat) functions are 
processed automatically by the PKCC. 

Timing Calculations 

One of the tasks required in the design 
phase of the terminal is the selection of a 
suitable monitor and calculation of the 
PVTC register values to provide suitable 
drive signals for the selected monitor. 

The selection process begins with 
calculation of the required horizontal scan 
frequency. Each character will be con- 
tained in a 9 dot by 12 line field. Since 
there are 25 display rows, the total number 
of active scan lines will be 1 2 x 25, or 300. 
To this we must add some number of scan 
lines for the vertical retrace, which is 
typically 5 to 10 percent of the active scan 
lines. For a screen refresh rate of 60 Hz, 
this yields 

H frequency = (60) (300) (1.1) = 

18,900 Hz. 

A Motorola monitor was selected for the 
application. The major timing specifica- 
tions for the monitor are: 

Horizontal frequency: 18.72 KHz ± 

500 Hz 
Horizontal retrace: 8 us max 
Horizontal sync width: 4 us min 
Vertical frequency: 50/60 Hz 
Vertical retrace: 750 us max 
Vertical sync width: 50 us min 

Monitor timing definitions are shown in 
figure 12. The worksheet illustrated in 
table 2 can be used to compute the 
required timing and associated PVTC 
register values. Some rough guesses are 
required initially and several iterations 
through the worksheet will usually be 
required to arrive at final values. For 
example, the character clock period must 
be known to select the horizontal front 
porch (HFP), sync width (HSYNC), and 
back porch (HBP) values. An estimate of 
the character period can be made initially 
as follows: 

Horizontal period = 1/18,900 = 

52.9 us 
Horizontal active = total - blank = 

52.9- 10= 42.9 us 
Character period = 42.9/80 = 0.53 us 

approximately 
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In calculating horizontal timing, an approx- 
imate ratio for the HFP, HSYNC, and HBP 
of 1 :2:2 respectively is recommended. 

Table 2 contains the final values selected 
for the application. 

Memory Allocation 

The 4K bytes of available buffer memory 
were allocated as follows (all addresses 
are in hex): 

— 0000 to 004F: display data for row 
26, status line 

— 0050 to 0075: not used 

— 0076 to 007F: CPU scratchpad 

— 0080 to 07FF: display data for rows 
1 to 24 

— 0800 to OFFF: not used, available for 
second page of display data 

The PVTC's 'display buffer first address' 
and 'display buffer last address' registers 
are loaded with the values 0080 and 07FF 
respectively so as to cause this portion of 
the RAM to act as a circular buffer. Initially 
the display data is organized in the RAM 
as follows: 

— 0080 to OOCF: row 1 data 

— OODO to 01 1 F: row 2 data 



07B0 to 07FF: row 24 data 



When a scroll operation is required, the 
CPU changes the value in the PVTC's 
'screen start' register from 0080 to OODO. 
This effectively shifts the displayed data 
up one row. Upon reaching the specified 
last buffer address (which is now the last 
character in row 23), the PVTC au- 
tomatically changes the addressing se- 
quence to resume starting at 0080 for the 
24th row. The display data is now 
organized: 

- OODO to 01 IF- row 1 data 

- 01 20 to 01 6F: row 2 data 



- 0780 to 07FF: row 23 data 

- 0080 to OOCF: row 24 data 

The CPU can clear the previous data in 
0080 to OOCF so that a blank row appears 
In the 24th position. 

The status line (row 25) data is kept in a 
separate section of RAM to eliminate the 
necessity of moving the data whenever the 
scrolling operation described above 
occurs. Thus, the PVTC must be 
instructed to change its addressing se- 
quence at the beginning of the 25th row. 
This is accomplished by use of the split 
screen row interrupt capability. IR10, the 
'split screen interrupt row' register, is ini- 



tialized so as to cause an interrupt to be 
issued at the beginning of row 24 The 
CPU responds to this interrupt by chang- 
ing the value in the screen start register to 
0000. The PVTC then uses this value as 
the starting address of the next (25th) row, 
causing the status line to be displayed m 
that position. The CPU must re-load the 
screen start register before the end of the 
vertical blanking interval with the correct 
value for the first character to be dis- 
played on the screen. 

Terminal Software 

Because the 8035 microcomputer used in 
the terminal provides only a single inter- 
rupt level, a totally interrupt driven soft- 
ware design could not be used. The inter- 
rupt was assigned to the PVTC to service 
the split screen interrupt described above 
and the operations required to implement 
the smooth scroll feature The keyboard 
and datacomm functions are serviced by 
polling the PKCC status register. Both the 
keyboard interface and UART receiver are 
double buffered in the PKCC, preventing 
overrun even if they are not serviced im- 
mediately. 

The program generally follows the typical 
program flow described previously. At 
system reset the 8035 interrupts are dis- 
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TabBe 2 - CRT TIMING WORKSHEET 



1. 


HORIZONTAL CHARACTER BLOCK (no of dots) 


9 






2. 


VERTICAL CHARACTER BLOCK (no. of scan lines) 


12 




(IRO) 


3. 


VERTICAL REFRESH RATE, Hz 


60 






4. 


CHARACTERS PER ROW 


80 




(IR5) 


5. 


CHARACTER ROWS PER SCREEN 


25 




(IR4) 


6 


TOTAL ACTIVE VIDEO SCAN LINES (step 2 x step 5) ... 


300 






7. 


VERTICAL FRONT PORCH (no of scan lines) 


4 




(IR3) 


8. 


VERTICAL BACK PORCH (no. of scan lines) .... > 


12 




(IR3) 


9. 


VERTICAL RETRACE INTERVAL (step 8 + 3) 


15 






10 


TOTAL SCAN LINES PER FRAME (add steps 6, 7, and 9) . . 


319 






11 


HORIZONTAL LINE RATE, KHz (step 3 x step 10) 


19.14 




12. 


HORIZONTAL FRONT PORCH (character time units) . . . 


5 






13. 


HORIZONTAL SYNC WIDTH (character time units) 


8 




(IR2) 


14. 


HORIZONTAL BACK PORCH (character time units) 


9 




(IR2) 


15. 


HORIZONTAL RETRACE INTERVAL (step 13 + step 14) . 


17 






16. 


TOTAL CHARACTER TIME UNITS IN ONE HORIZONTAL 
SCAN LINE (add steps 4, 12, 13, and 14) 


102 






17. 


EQUALIZING CONSTANT ([step 16 / 2] - [2 x step 13]) . 


35 




(IR1) 


18. 


CHARACTER CLOCK RATE, MHz (step 1 6 x step 11) 


1.95228 




19. 


CHARACTER PERIOD, us (1 /step 18) 


0512 




20 


SCAN LINE PERIOD, us (step 19 X step 16) 


53.27 




21. 


DOT CLOCK RATE, MHz (step 18 X step 1) 


1 7 57052 




A. 


PARAMETER SPEC 


ACTUAL 

1914 


HORIZONTAL RATE, KHz 18.72 ± 0.5 


B. 


HORIZONTAL RETRACE TIME, us 8 




8.7 




C. 


HORIZONTAL SYNC WIDTH 4 




4.1 




D 


VERTICAL RATE, Hz 50 - 60 




60 




E 


VERTICAL RETRACE TIME, us 750 




784 




F 


VERTICAL SYNC WIDTH, us 50 




157 





abled, data memory and display memory 
are cleared to zeroes, and both the PVTC 
and PKCC are master reset through soft- 
ware commands The system option 
switches are then read and stored and the 
PVTC and PKCC internal registers are ini- 
tilized for the selected operation Finally, 
the initial data for the status line is loaded, 
the PVTC, UART, and keyboard are 
enabled, and the CPU interrupt is enabled. 



The program then enters a loop where the 
PKCC is checked for keyboard or UART 
entries. If an entry has occurred, the 
character is fetched and stored in a soft- 
ware controlled FIFO (first-in-first-out) 
memory which is eight bytes deep for both 
receiving or transmitting characters (the 
need for the FIFO is described below). If 
either FIFO has an entry, the program pro- 
ceeds to a character recognition routine 



which checks for the type of character 
(displayable or control) and the appropri- 
ate handling subroutine (ESC sequence, 
control sequence, cursor control, 
character display, etc.) is called. If the 
FIFO's are empty, the polling routine 
checks the option switches for any 
changes since reset entry and if so recon- 
figures the system as necessary. 

The need from the FIFOs results from the 
method used to effect the clear row func- 
tion required when a scroll is performed 
Although the PVTC includes a 'clear from 
cursor to pointer' command that can be 
used to clear a block of memory rapidly, 
the display is temporarily blanked during 
this operation. This would cause undesira- 
ble flashes on the display. Instead, the 
program does the function by a repetitive 
loop using the 'write at cursor and incre- 
ment' command. Since the write occurs 
only once per scan line during the active 
display window, a worst case total of ap- 
proximately 80 scan line times is required 
to execute the routine. This would limit the 
maximum received character rate to ap- 
proximately one per 80 scan lines or about 
240 characters per second (2400 baud). 
To overcome this limitation, the PKCC is 
also polled each time through the clear 
line subroutine loop, and any entries from 
the receiver or keyboard are stored in the 
appropriate FIFO. Since the FIFO is eight 
deep, this allows eight characters to be 
received in the same time, increasing the 
maximum baud rate to 19,200. (Other 
program limitations actually reduce the 
maximum baud rate to 9600 baud) 
However, this does not increase the rate at 
which characters which cause a scroll 
function to occur, such as a line feed, can 
be received. Each character of this type 
must be followed by 'fill' characters in 
order for data rates higher than 2400 baud 
to be used 

An interrupt from the PVTC will occur 
when the display scan reaches the row 
count programmed in its split screen 
address register, row address 24 (for the 
24th row). In response to the interrupt, the 
CPU loads the screen start registers with 
the address of the status line (0000) and 
enables the PVTC's line zero interrupt. 
This causes another interrupt at the begin- 
ning of display of the status line. At this 
time the CPU reloads the screen start 
register with the proper address to begin 
the next display frame and disables the 
line zero interrupt. 

If scrolling is required the screen start 
register value is incremented by 80 (pop- 
ping off the top row) and the effective bot- 
tom row cleared to nulls. If soft scrolling is 
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selected, additional functions are per- 
formed during the interrupt routines. To 
begin the operation, the line zero interrupt 
routine adds ten lines to the vertical back 
porch. This causes the next active screen 
display to begin ten scan lines later than 
normal and gives the effect of the display 
moving up two scan lines (12 lines per 
character row - 10) instead of jumping up 



12 lines. If nothing else were changed, 
however, the bottom of the display would 
move down ten lines. Thus, during the row 
24 interrupt the number of scan Imes per 
character row is changed to two (12-10), 
causing only the first two scan lines of that 
row to be shown. The next line zero inter- 
rupt (at row 25) restores the lines per row 
count back to 12 to keep the whole status 



line showing, and now changes the verti- 
cal back porch to 8. The display moves up 
two more scan lines and at the next row 24 
interrupt four scan lines are shown The 
process continues in this manner, provid- 
ing the effect of the entire display, except 
for the status line, smoothly scrolling up 
over a selected interval of six frames, or 
one tenth of a second 
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INTRODUCTION 

This application note describes pro- 
cedures for switching the operating mode 
of the Signetics' 2661 Enhanced Program- 
mable Communications Interface (EPCI) 
from echoplex or remote loopback mode 
to normal operation and vice-versa. 

ECHOPLEX (AUTOMATIC 
ECHO) MODE TO NORMAL 
OPERATION 

The echoplex operation is initiated by set- 
ting command register bits CR7:CR6 = 
01, and CR2 (receiver enable bit) = 1. 
Echoplex operation is terminated by 
resetting CR2 to zero. To ensure the 
proper transmission of the last received 
character, no change of operating mode 
should be made until the end of that 
character. However, if mode switching is 
necessary in certain applications, the 
following procedure is recommended to 
ensure no garbling on the last transmitted 
character. Two potential problems may 
arise: the calculated parity Instead of the 
received parity may be transmitted, and 
data rate may be shortened or lengthened. 
The procedure provides the necessary 
handshaking to avoid these potential 
problem s by making use of the TXEMT/ 
DSCHG pin or of the status register bit 2, 



SR2, to Indicate the end of the parity bit or 
the first stop bit, depending on whether 
one or two stop bits are selected 
(MR17: MR16 = 01 or 1 1). The procedure 
causes TXEMT/DSCHG to be driven to its 
active state only at the completion of the 
last character, as shown in figure 1 . 
The recommended sequence of operation 
is as follows: 

1. Wait for RXRDY (either RXRDY inter- 
rupt or status read). This is necessary 
for the assembly of the last character 
to be completed and to ensure the 
transfer of this character to the 
transmitter. 

2. Enable the transmitter by setting CRO 
to one. 

3. Disable the receiver by setting CR2 to 
zero. 

4. Wait f or TXEMT (either TXEMT/ 
DSCHG interrupt or status read). At 
this point, the parity bit or the first stop 
bit (if two stop bits are selected) has 
been sent out. 

5. Change mode from echoplex to normal. 

6. Load new character into the transmit 
holding register, THR. Further com- 
munication between the 2661 chip and 
the CPU will resume as normal - that is, 
TXRDY is driven active to indicate that 
the THR is available for new data and 





.EXM 


ODE SWITCHING 
1 


TXEMT/DSCHG OPERATION FOR ECHOPI 


TXD 1 START \/ ///////////// M PARITY 


STOP 
BIT 


"T 


LAST CHARACTER | 
1 


1 

1 


. 


-1 


TXEMT/DSCHG | 
DRIVEN ACTIVE HERE IF ONE STOP 1 






DRIVEN ACTIVE HERE IF TWO STOP 1 






Figure 1 



SWITCHING FROM NORMAL TO ECHOPLEX OR REMOTE LOOPBACK 



LAST TRANSMITTED DATA 



c 



TRANSMITTER 1 — 



'^^^LT 



CHANGE TO ECHOPLEX OR REMOTE • 

Figure 2 



TXEMT Is driven active upon underrun 

condition. 

Note that the TXEMT pin is not driven 
active in echoplex mode. It is optionally 
driven active when the above steps are 
followed, particularly the transmitter being 
enabled as indicated in step 2. Because 
the transmit ter relies on CRO = 1 and CR2 
= to drive TXEMT active. It is necessary 
to set CRO to zero In echople x mode if it is 
desired not to drive TXEMT active. CRO, 
transmitter enable, is ignored for data 
transmission in echoplex mode. It Is, 
however, used to determine whether 
TXEMT should be driven active. 
If frequent mode switchin g is anti cipated 
and it is desired to drive TXEMT active, 
step 2 of the above procedure could be 
skipped, provided that the echoplex 
operation is initiated by enabling both the 
receiver and the transmitter - that is, 
CR2:CR0= 11. 



The TXEMT timing shown above is only 
applicable when switchi ng mod es. Note 
that in normal operation, TXEMT is driven 
active at the beginning of the last data bit 
or parity bit upon underrun condition. 

REMOTE LOOP BACK MODE TO 
NORMAL OPERATION 

The procedure is similar to the procedure 
for echoplex to normal, with the following 
exceptions: 

1. No handshaking with RXRDY is 
required. 

2. During step 3 of the previous pro- 
cedure, CR2 goes to zero, and 
CR7:CR6 should be simultaneously 
changed from 11 to 01 (remote to echo- 
plex). This is necessary beca use the 
logic Implemented to drive TXEMT 
active relies on echoplex information. 
However, this requirement does not 
need additional service from the con- 
troller because remote-to-echoplex 
switching is done at the same time as 
disabling the receiver. 

NORMAL OPERATION TO 
ECHOPLEX OR REMOTE 

To avoid garbling the last transmitted 
data, atnode switch from normal operation 
to echoplex or remote operation should be 
performed as follows: 

1. Walt fo r TXEMT (either TXEMT/ 
DSCHG interrupt or status read) to be 
asserted. 

2. Disable the transmitter by setting CRO 
to zero. 

3. Wait for TXEMT to be negated. 

4. Change the mode from normal opera- 
tion to echoplex or remote. 

The timing is illustrated in figure 2. 
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INTRODUCTION 

The following information applies to all 
packages unless otherwise specified on 
Individual package outline drawings. 

General 

1. Dimensions shown are metric units 
(millimeters), except those In par- 
entheses which are English units 
(inches). 

2. Lead spacing shall be measured with- 
in this zone. 

a. Shoulder and lead tip dimensions 
are to center-line of leads. 

3. Tolerances non-cumulative. 

4. Thermal resistance values are deter- 
mined by utilizing the linear temper- 
ature dependence of the forward volt- 
age drop across the substrate diode in 
a digital device to monitor the junc- 
tion temperature rise during known 
power application across Vcc and 
ground. The values are based upon 
120 mils square die for plastic pack- 
ages and a 90 mils square die in the 
smallest available cavity for hermetic 
packages. All units were solder 
mounted to P.C. boards, with standard 
stand-off, for measurement. 



Plastic Only 

5. Lead material: Alloy 42 (Nickel/Iron 
Alloy) Olin 194 (Copper Alloy) or 
equivalents, solder dipped. 

6. Body material: Plastic (Epoxy) 

7. Round hole in top corner denotes lead 
No. 1. 

8. Body dimensions do not Include 
molding flash. 

Hermetic Only 

9. Lead material 

a. ASTM alloy F-15 (KOVAR) or equiv- 
alent—gold plated, tin plated, or 
solder dipped. 

b. ASTM alloy F-30 (Alloy 42) or equiv- 
alent—tin plated, gold plated, or 
solder dipped. 

c. ASTM alloy F-15 (KOVAR) or equiv- 
alent—gold plated. 

10. Body Material 

a. Eyelet, ASTM alloy F-15 or equiv- 
alent—gold or tin plated, glass 
body. 

b. Ceramic with glass seal at leads. 

c. BeO ceramic with glass seal at 
leads. 

d. Ceramic with ASTM alloy F-30 or 
equivalent. 



11. Lid Material 

a. Nickel or tin plated nickel, weld 
seal. 

b. Ceramic, glass seal. 

c. ASTM alloy F-15 or equivalent, gold 
plated, alloy seal. 

d. BeO ceramic with glass seal. 

12. Signetics symbol, angle cut, or lead 
tab denotes Lead No. 1. 
Recommended minimum offset be- 
fore lead bend. 

Maximum glass climb 0.010 inches. 
Maximum glass climb or lid skew Is 
0.010 inches. 

16. Typical four places. 

17. Dimension also applies to seating 
plane. 



13. 



14. 
15. 
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N PACKAGE - PLASTIC 
(16-PrN) 



wf\r^r^r^r^r^ 




CUMULATIVE 



I PACKAGE - HERMETIC 
(16-PIN) 




CUMULATIVE 
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N PACKAGE -^ PLASTIC SLIM LINE 
(24-PIN) 



r 



ITVVVVVVVvy 



o 



^ 



^ 




1 




8 94 ( 352) 
8 45 (.345) 



£ 



89 ( 035) 
38(015) 



3 94(155) 
3 68(145) 



10 41 (410) 
9 91 ( 390) 



-\ \- 



2.79 ( 110) 
2 29 (.090) 
NON- 
CUMULATIVE 



3 43 (.135) 
3.05(120) 



2 16 ( 085) 
1 88 ( 074) 



I PACKAGE — HERMETIC SLIM LINE 
(24-PIN) 



CONTACT YOUR SIGNETICS SALES OFFICE 
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PACKAGE OUTLINES 



N PACKAGE - PLASTIC 


(28-PIN) 


^LEAONO 1 




aa/naaaaaaa/saaA 






o 








o 1 


4 10 ( 555 




3.84 (.545 




yUUUUUUUUUUUUU ,4,045) 






Jb.8b(l.4bb) ^ „Kifn9m 1 


35.78 (1.440) 


* 


ib.«(.oio) i.»n.u/o; 1 


1" 14.99 (.590) 1 


.65(065) 




3.94 (.155 1/ II \ 1 ♦ 




juiJiixrmnniuiJiJTnR : 


3.68<.145)H II H' 


imnnnnnnnnnnnnffi 


rri 1 0.38 (.015) \j 


n u y u u u u u u u u u 


1,^, 1 0.25(010) 'l' 


1.32 (.052) im ^ ^ " * 


HI- HT 


-f-3.43 ' 
- 3.05 

1 11R) 


^ 17 65(695) 




1.12 ( 044) ^|!:l 


15.24 (.600) 




0.53 (.021) 2.79 (.110) 2 16 (.085) rT5ni 


0.38(015) 2.2^1.0^6) 165 (.065) 


NON- 


CUMULATIVE 


1 PACKAGE - HERMETIC 


(28-PIN) 


p LEAD NO 1 










A 15.49 ( 


610) 
















^ 14.73 (.580) 










36.32(1.430) 


» 1.78(07 


n, , 15.74 (.620) ^ 




' 35.05(1.380) 


3.76{ 03 


0, 14.98 (.590) 




13.46 (.530) ^ 


_1 


1 13.46 (.530) 1 
1 12.95 (.510)" 






12.95 (.510) 


rSriirilk~Hrit^ 


lllninllHlr 


V 








f 1 


0.31 (.012) 




1.65 (.065), 1 Jlli ^ L 
0.76 (.030) 1 1 II 0.53 (.021) P "^ 


^ 0.20 (.008) ' 1 


16.36 (.644) 




' 14 73 (.580) 




1 -- f nrm"' 0-38 <.015) 2.79 (.110) 3.05 (.120) 

NON- 


4.45 (.175) 
3.18 (.125) 


CUMULATIVE 
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N PACKAGE — PLASTIC 
(40-PIN) 



<^AAA/^f^Ar^AAA/\ /^AAA/^/^AJs 



^ 



^, 



vvvvvvyvvvvvvvvvvvvv 

52.19 (2.055) 



Wmmwmmw^. 



2 16 ( 085) 
1.65 (.065) 



-A k- rl 7 ^-3; 

2.79(110) n r 1 14 ( 045) 




OPTIONAL CONFIGURATION 



0.38 ( 015) 1 91 (.075) 

3.93 (.155) L 15.49 (.610) j 1.65 (.065) 

3.68 (.145)1' 14.99 (.590) 



1 1.65 (.06 



2.29 (.090) 0.5 (.020) 
NON- 0.4 (.016) 

CUMULATIVE 



3.42 (.135) 1. 

3.04 (.120)' 17.65 (.61 

15.24 (.600) 



I PACKAGE - HERMETIC 
(40-PIN) 



13 ( 005) MIN 

J. 



T 






2.79 ( 110) 
2.29(090)"^ 



3.05 (.120) 
2.03 ( 080) 



mmmm 

1.52 ( 060) 

** 114(045) 



0.76 (.030) 

J 



14 98 (.590) 
13.46 (.530) 



XI 



i 



% 



0.31 (.012) 
0.20 (.008) 
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SIGNETICS 



HEADQUARTERS 

811 East Arques Avenue 
PO Box 409 

Sunnyvale, California 94086 
Phone (408) 739-7700 

ARIZONA 
Phoenix 

Phone (602) 265-4444 

CALIFORNIA 
Canoga Park 

Phone. (213) 340-1431 
Cupertino 

hone (408) 725-8100 
Ingiewood 

Phone (213) 670-1101 
Irvine 

Phone (714) 833-8980 

(213) 588-3281 
San Diego 

Phone (714) 560-0242 

COLORADO 
Aurora 

Phone (303) 751-5011 

CONNECTICUT 
Danbury 

Phone (203) 744-6066 

DEUWARE 

Call Micro-Comp, Baltimore 
Phone (301) 247-0400 

^FLORll 
Lighthouse Point 

Sime (305) 782-8225 

georgIa 

Atlanta 

Phone (404) 953-0067 

ILLINOIS 
Schaumburg 

Phone (312) 843-7805 

INDIANA 
Kokomo 

Phone (317) 453-6462 

KANSAS 
Overland Park 

Phone (913) e41-8181 

MARYUND 
Glen Burnie 

Phone (301) 787-0220 

MASSACHUSETTS 
Woburn 

Phone (617) 938-1000 

MICHIGAN 
Farmington Hills 

Phone (313) 476-1610 

MINNESOTA 
Edina 

Phone (612) 835-7455 

NEW JERSEY 
Cherry Hill 

Phone (609) 665-5071 
Piscataway 
Phone (201) 981-0126 

NEW YORK 
Liverpool 

Phone (315)451-5470 






Phone (516) 752-0130 
Wappingers Falls 

Phone (914) 297-4074 

NORTH CAROLINA 
Raleigh 

Phone (919) 851-2013 

OHIO 
Worthington 

Phone (614) 888-7143 

TENNESSEE 
Greeneville 

Phone (615) 639-0251 

TEXAS 
Austin 

Phone (512) 458-2591 
Dallas 
Phone (214) 661-1296 

UTAH 
Bountiful 

Phone (801) 298-2624 

CANADA 

SIGNETICS CANADA, LTD. 

Etobicoke, Ontario 
Phone (416) 626-6675 
SIGNETICS CANADA, LTD./LTEE. 

Pomte-Claire, Quebec 
Phone (514) 697-3385 

REPRESENTATIVES 

ALABAMA 
Huntsville 

Electronic Sales, Inc 
Phone (205) 533-1735 

CALIFORNIA 
Los Gatos 

Sierra Technology 
Phone (408) 354-9986 
San Diego 
Mesa Engineering 
Phone (714) 278-8021 

CONNECTICUT 
Danbury 

Kanan Associates 
Phone (203) 265-2404 




(ET3H614fi7r" 



Phone 



ILLINOIS 
Elk Grove Village 

Micro-Tex, Inc 
Phone (312) 640-9633 

INDIANA 
Fort Wayne 

Insul-Reps, Inc 
Phone (219) 482-1596 
Indianapolis 
Insul-Reps, Inc 
Phone (317) 842-5203 

IOWA 
Cedar Rapids 

Comstrand Inc 
Phone (319) 377-1575 

KANSAS 
Shawnee Mission 

B C Electronic Sales 
Phone (913) 888-6680 



MARYLAND 
Baltimore 

Micro-Comp, Inc 
Phone (301) 247-0400 

MASSACHUSETTS 
Reading 

Kanan Associates 
Phone- (617) 944-8484 

MICHIGAN 
Bloomfield Hills 

Enco Marketing 
Phone (313) 642-0203 

MINNESOTA 
Edina 

Mel Foster Technical Sales 
Phone (612) 941-9790 

MISSOURI 
St. Louis 

B C Electronic Sales 
Phone (314) 731-1255 

NEVADA 

Sierra Technology 
Phone (408) 354-9986 

NEW MEXICO 
Albuquerque 

Power Enterprises 
Phone (505) 298-1918 

NEW YORK 
Ithaca 

Bob Dean, Inc 
Phone (607) 272-2187 

OHIO 
Cleveland 

Norm Case Associates 
Phone (216) 333-4120 
Dayton 
Norm Case Associates 
Phone (800) 362-6631 

OKUHOMA 

Tulsa 

Cunningham Co 
Phone (918) 492-0390 

OREGON 
Hillsboro 

Western Technical Sales 
Phone (503) 640-4621 

TEXAS 
Austin 

Cunningham Co 
Phone (512) 459-8947 

Dallas 
Cunningham Co 
Phone (214) 233-4303 

Houston 
Cunningham Co 
Phone (713) 461-4197 

VIRGINIA 
Lynchburg 

Micro-Comp, Inc 
Phone (804) 237-6221 

WASHINGTON 
Bellevue 

Western Technical Sales 
Phone (206) 641-3900 
Spokane 
Western Technical Sales 
Phone- (509) 922-7600 

WASHINGTON, D.C. 

Call Micro-Comp, Baltimore 
Phone (301) 247-0400 



WISCONSIN 

Waukesha 

Micro-Tex, Inc 
Phone (414) 542-5352 

DISTRIBUTORS 

ALABAMA 

Huntsville 

Hall-Mark Electronics 
Phone (205) 837-8700 

Hamilton/Avnet Electronics 
Phone (205) 837-7210 
Pioneer Electronics 
Phone (205) 837-9300 

ARIZONA 
Phoenix 

Hamrlton/Avnet Electronics 
Phone (602) 894-9600 

Wyle Distribution Group 
Phone (602) 249-2232 

CALIFORNIA 

Costa Mesa 

Avnet Electronics 
Phone (714) 754-6111 

Hamilton Electro Sales 
Phone (714) 641-4100 

Culver City 

Hamilton/Avnet Electronics 
Phone (213) 558-2121 

Hamilton/Avnet Electronics 

Military 
Phone (213) 558-2901 

El Segundo 

Wyle Distribution Group 
Phone (213) 322-8100 

Irvine 

Schweber Electronics 
Phone (714) 556-3880 
Wyle Distribution Group 
Phone (714) 979-2125 

San Diego 

Anthem Electronics 
Phone (714) 279-5200 

Hamilton/Avnet Electronics 
Phone (714) 571-7510 

Wyle Distribution Group 
Phone (714) 565-9171 

San Jose 

Anthem Electronics Inc 
Phone (408) 946-8000 
Santa Clara 
Schweber Electronics 
Phone (408) 496-0200 
Wyle Distribution Group 
Phone (408) 727-2500 

Sunnyvale 

Arrow Electronics 
Phone (408) 745-6600 

Hamilton/Avnet Electronics 
Phone (408) 743-3366 

CANADA 
Calgary, Alberta 

Hamilton/Avnet Electronics 
Phone (403) 230-3586 

Downsview, Ontario 

Cesco Electronics 
Phone (416) 661-0220 
Mississauga, Ontario 
Hamilton/Avnet Electronics 
Phone (416) 677-7432 

Zentronics 

Phone (416) 451-9600 
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Montreal, Quebec 

Cesco Electronics 
Phone (514)735-5511 
Zentronics 
Phone (514) 735-5361 

Ottawa, Ontario 

Cesco Electronics 

Phone (613) 729-5118 

Hamilton/Avnet Electronics 

Phone (613) 226-1700 

Zentronics 

Phone (613) 238-6411 

Quebec City 

Cesco Electronics 
Phone (418) 524-4641 

Ville St. Laurent, Quebec 

Hamilton/Avnet Electronics 
Phone (514) 331-6443 

COLORADO 
Denver 

Arrow Electronics 
Phone (303) 758-2100 
Wyle Distribution Group 
Phone (303) 457-9953 

Englewood 

Hamilton/Avnet Electronics 
Phone (303) 740-1000 

CONNECTICUT 
Danbury 

Hamilton/Avnet Electronics 
Phone (203) 797-2800 
Schvi^eber Electronics 
Phone (203) 792-3500 

Wallingford 

Arrow Electronics 
Phone (203) 265-7741 

FLORIDA 
Ft. Lauderdale 

Arrow Electronics 
Phone (305) 776-7790 
Hamilton/Avnet Electronics 
Phone (305) 971-2900 

Hollywood 

Schweber Electronics 
Phone (305) 927-0511 

Palm Bay 

Arrow Electronics 
Phone (305) 725-1480 

St. Petersburg 

Hamilton/Avnet Electronics 
Phone (813) 576-3930 

GEORGIA 
Atlanta 

Schweber Electronics 
Phone (404) 449-9170 

Norcross 

Arrow Electronics 
Phone (404) 449-8252 
Hamilton/Avnet Electronics 
Phone (404) 447-7500 

ILLINOIS 
Chicago 

Bell Industries 
Phone (312) 982-9210 



Elk Grove 

Schweber Electronics 

Phone (312) 364-3750 
Schaumburg 

Arrow Electronics 

Phone (312) 893-9420 
Bensenville 

Hamilton/Avnet Electronics 

Phone (312) 860-7700 
INDIANA 
Indianapolis 

Pioneer Electronics 

Phone (317) 849-7300 

Arrow Electronics 

Phone (317) 243-9353 

Hamilton/Avnet Electronics 

Phone (317) 844-9333 
KANSAS 
Overland Park 

Hamilton/Avnet Electronics 

Phone (913) 888-8900 
MARYLAND 
Baltimore 

Arrow Electronics 

Phone (301) 247-5200 
Columbia 

Hamilton/Avnet Electronics 

Phone (301) 995-3500 
Gaithersburg 

Pioneer Washington Electronics 

Phone (301) 948-0710 

Schweber Electronics 

Phone- (301) 840-5900 
MASSACHUSETTS 
Bedford 

Schweber Electronics 

Phone (617) 275-5100 
Burlington 

Lionex Corp 

Phone (617) 272-9400 
Woburn 

Arrow Electronics 

Phone (617) 933-8130 

Hamilton/Avnet Electronics 

Phone (617) 273-7500 
MICHIGAN 
Ann Arbor 

Arrow Electronics 

Phone (313) 971-8220 
Grand Rapids 

Hamilton/Avnet Electronics 

Phone (616) 243-8805 
Livonia 

Hamilton/Avnet Electronics 

Phone- (313) 522-4700 

Pioneer Electronics 

Phone (313) 525-1800 

Schweber Electronics 

Phone (313) 525-8100 
MINNESOTA 
Eden Prairie 

Schweber Electronics 

Phone (612) 941-5280 
Minneapolis 

Arrow Electronics 

Phone (612) 830-1800 

Hamilton/Avnet Electronics 

Phone (612) 932-0600 
MISSOURI 
Earth City 

Hamilton/Avnet Electronics 

Phone (314) 344-1200 
St. Louis 

Arrow Electronics 

Phone (314) 567-6888 



NEW HAMPSHIRE 
Manchester 

Arrow Electronics 
Phone- (603) 668-6968 

NEW JERSEY 

Cherry Hill 
Hamilton/Avnet Electronics 
Phone (609) 424-0100 

Fairfield 
Hamilton/Avnet Electronics 
Phone (201) 575-3390 
Schweber Electronics 
Phone (201) 227-7880 

Moorestown 
Arrow Electronics 
Phone- (609) 235-1900 

Saddlebrook 
Arrow Electronics 
Phone (201) 797-5800 

NEW MEXICO 

Albuquerque 
Hamilton/Avnet Electronics 
Phone (505) 765-1500 

NEW YORK 

Buffalo 
Summit Distributors 
Phone- (716) 887-2800 

East Syracuse 
Arrow Electronics 
Phone (315) 652-1000 
Hamilton/Avnet Electronics 
Phone- (315) 437-2642 

Farmingdale, L.I. 
Arrow Electronics 
Phone- (516) 694-6800 

Liverpool 
Arrow Electronics 
Phone (315) 652-1000 

Melville 
Hamilton/Avnet Electronics 
Phone (516) 454-6012 

Rochester 
Arrow Electronics 
Phone (716) 275-0300 
Hamilton/Avnet Electronics 
Phone (716) 475-9130 
Schweber Electronics 
Phone (716) 424-2222 

Westbury, L.I. 
Schweber Electronics 
Phone- (516) 334-7474 

NORTH CAROLINA 

Greensboro 
Pioneer Electronics 
Phone (919) 273-4441 

Raleigh 
Hamilton/Avnpt Electronics 
Phone (919) 829-8030 

Winston-Salgm 
Arrow Elecfronics 
Phone (919) 725-8711 

OHIO 

Beechwood 
Schweber Electronics 
Phone (216) 464-2970 

Cleveland 
Hamilton/Avnet Electronics 
Phone- (216) 831-3500 
Pioneer Electronics 
Phone (216) 587-3600 

Centerville 
Arrow Electronics 
Phone. (513) 435-5563 



Dayton 

Hamilton/Avnet Electronics 
Phone- (513) 433-0610 
Pioneer Standard Electronics 
Phone- (513) 236-9900 
Solon 
Arrow Electronics 
Phone: (216) 248-3990 

OKLAHOMA 
Tulsa 

Quality Components 
Phone: (918) 664-8812 

OREGON 
Lake Osw^o 

Hamilton/Avnet Electronics 
Phone (503) 635-8831 

PENNSLYVANIA 
Horsham 

Schweber Electronics 
Phone (215)441-0600 

Pittsburgh 

Arrow Electronics 
Phone. (412) 856-7000 
Pioneer/Pittsburgh 
Phone. (412) 782-2300 

TEXAS 
Austin 

Hamilton/Avnet Electronics 
Phone (512) 837-8911 
Quality Components 
Phone- (512) 835-0220 
Dallas 
Hail-Mark Electronics 
Phone- (214) 341-1147 
Hamilton/Avnet Electronics 
Phone- (214) 659-4111 
. Quahty Components 
* ;Rh'one. (214) 387-4949 
„,* 'SchweberiElectronics 
' »?irone^(2f4) 661-5010 
Houston 

yaplton/Avnet Electronics 
" Ph6he: (713) 780-1771 
Quality Components 
Phone. (713) 772-7100 
Schweber Electronics 
Phone. (713) 784-3600 

UTAH 
Salt Lake City 

Hamilton/Avnet Electronics 
Phone (801) 972-4300 

WASHINGTON 
Bellevue 

Arrow Electronics 
Phone (206) 643-4800 
Hamilton/Avnet Electronics 
Phone (206) 453-5844 
Wyle Distribution Group 
Phone- (206) 453-8300 

WISCONSIN 
Oak Creek 

Arrow Electronics 
Phone (414) 764-6600 
New Berlin 
Hamilton/Avnet Electronics 
Phone. (414) 784-4510 
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Signetics 



SigilDtiCB 

S Philips Corpofotlon 

tgnehcs Corporation 

811 East Arques Avenue 

PQBOX409 

Sunny vale. Califof nia 94086 

Telephone 408/ 739-7700 
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